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This  yolome  contains  tHe  first  part  of  an  attempt  to  give  aa 
acGonnt  of  diseases  of  the  neryons  system^  safficientlj  concise 
to  be  within  the  compass  of  the  time-pressed  student  or  bnsj 
practitioner^  and  yet  adequate  in  its  outline  of  a  subject  which 
has  become  wide  and  deep  beyond  any  other  part  of  medicine. 
Success  in  both  aims  can  scarcely  be  more  than  approximate. 

Most  of  the  illustrations  are  printed  from  blocks  prepared 
from  original  drawings  by  phototype  processes^  and  I  am  in- 
debted to  Messrs.  A.  and  W.  Dawson^  of  the  Typographic 
Etching  Company  (by  whom  most  of  the  work  has  been  done) 
for  the  care  they  have  taken  in  the  reproduction. 

The  casual  reader  may  perhaps  miss  subsidiary  letters  in  the 
illustrations  of  the  lesions  of  the  spinal  cord.  The  omission  of 
these  is  intentional.  A  knowledge  of  the  structural  topography 
of  the  cord  is  the  first  requisite  in  the  study  of  its  morbid 
anatomy,  and  when  this  knowledge  is  gained,  the  figures  will 
be  understood  without  diflSculty.  Familiarity  with  unlettered 
illustrations  fecilitates  the  comprehension  of  sections  of  the 
spinal  cord. 
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DISEASES  OE  THE  NERVOUS  SYSTEM. 


INTRODUCTION, 

A  OLASsmcATioir  of  IDiseaBes  of  the  Neryous  STstem,  at  once 
scieiiti£c,  exact,  and  conyenient  for  systematic  description,  is  not  at 
present  possible.  If  we  attempt  to  classify  the  diseases  according  to 
either  seat  or  nature,  we  are  met  at  once  by  difficulties  which  prevent 
any  complete  arrangement.  These  difficulties  arise  from  the  fact  that 
many  diseases  affect  more  than  one  part  of  the  nervous  system,  that 
the  precise  seat  of  other  maladies  is  unknown,  and  that  we  are  still 
ignorant  of  the  nature  of  a  considerable  number  of  diseases.  A  rough 
division  is  often  made  into  two  broad  classes  of  "organic"  and 
"functional"  disease.  The  first  class,  that  of  "organic  diseases," 
comprehendB  those  in  which  there  is  always  a  visible  lesion,  manifesting 
sometimes  the  morbid  process  which  constitutes  the  disease,  sometimes 
only  the  ultimate  result  of  that  process.  The  second  class,  that 
of  "  functional  diseases,"  is  less  definite,  comprehending  (1)  those 
diseases  that  consist  only  in  a  disturbance  of  function,  and  are  there- 
fore properly  so  designated ;  and  (2)  many  diseases  which  have  this  in 
common  with  true  functional  disease,  that  they  are  transient  and  not 
permanent,  and  that  they  are  not  known  to  depend  on  organic  changes. 
But  there  is  also  a  large  class  of  diseases  in  which  no  constant  lesion 
has  been  discovered,  but  which  are  not  transient,  and  cannot  well  be 
placed  in  either  of  these  classes.  This  simple  classification  is  therefore 
inadequate.  It  may  be  well  to  consider  in  what  respect  it  needs 
alteration  to  meet  the  requirements  of  our  present  knowledge. 

The  term  "organic  disease,"  as  commonly  used,  means  visible 
disease.  But  visibility  is  relative ;  it  depends  on  the  means  of  vision. 
The  application  of  the  microscope  to  pathology  immediately  increased 
the  range  of  organic  disease,  and  a  similar  increase  has  resulted,  in  our 
own  day,  from  the  use  of  staining  agents,  which  render  visible  many 
changes  that  could  not  before  be  seen.  Still  it  remains  true  that  the 
degree  of  alteration  determines  visibility.  Molecular  changes  in 
nutrition,  considered  as  such,  must  be  colossal  to  be  detected.    Such 
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alterationB,  not  sufficieiit  to  be  seen,  but  still  considerable,  pxobaUj 
constitute  the  morbid  prooess  in  many  diseases  that  are  oommonly 
classed  as  "  functional."  Hence  we  may  distinguish  a  class  of  "  nutri- 
tional diseases "  as  to  a  large  extent  distinct  from  those  that  oonBist 
m  a  mere  derangement  of  function.  While  distinguishing  these  two 
classes,  we  cannot  entirely  separate  them ;  nutrition  and  function  are 
mutually  dependent,  and  prolonged  functional  disturbance  must  deter- 
mine nutritional  change. 

Visible  disease  varies  much  in  nature  and  degree.  Some  fonm  can 
always  be  seen  with  the  unassisted  eye;  they  change  the  shape  or 
( ulour  or  consistence  of  the  part.  Other  forms  can  be  detected  only 
with  the  aid  of  the  microscope ;  while  many  may  be  seen  with  the 
unassisted  eye  when  their  degree  is  considerable,  and  only  by  means 
of  the  microscope  in  their  early  stage  or  when  in  slight  degree.  It  is 
convenient  to  term  such  alterations,  the  visibility  of  which  is  alto- 
j^'cther  a  matter  of  degree,  "  structural  diseases.*'  Thus  we  may  dis- 
tinguish four  pathological  classes  of  disease  of  the  nervous  system : 

1.  Organic  disease  (or  "coarse"  organic  disease);  such  as  tumour, 
hii'morrhage,  softening. 

2.  Stru-ctural  disease ;  such  as  most  forms  of  sclerosis. 

8.  Niifriiional  disease;  such  as  general  paralysis  of  the  insane, 
paralysis  agitans. 

4.  Functional  disease ;  such  as  reflex  convulsions,  and  many  forma 
of  hysteria. 

In  the  first  class  the  morbid  process  always  begins  outside  the 
nerve-elements  themselves.  In  the  second  class  it  may  begin  in  them 
or  outside  them.  In  the  third  and  fourth  classes  these  elements  are 
probably  always  primarily  affected. 

Such  a  classification  helps  us  to  obtain  clearer  views  of  the  primary 
relations  of  disease,  but  is  not  convenient  for  systematic  description. 
For  this  a  hybrid  system  is  necessary,  in  which  organic  and  structural 
diseases  are  classified  according  to  their  seat, — ^in  the  nerves,  spinal 
cord,  or  brain.  With  each  group  may  be  placed  some  nutritional  or 
functional  maladies  of  local  incidence.  The  bulk  of  these  diseases  are, 
however,  best  considered  separately,  after  the  organic  diseases  have 
been  described,  since  many  of  them  are  of  wide  distribution  or 
uncertain  seat. 

Classification  has  two  purposes  to  serve.  It  serves  to  bring  out  the 
differences  in  the  nature  of  disease,  and  thus  to  define  our  concept  ioHs 
and  make  dear  our  distinctions.  But  this  purpose  is  less  obtrusive 
t  ban  the  second, — to  furnish  us,  as  it  were,  with  shelves  on  which  to 
place  our  conceptions,  and  labels  with  which  to  ticket  them,  so  that 
we  may  find  them  when  we  need  them  and  study  them  in  a  useful 
order  with  the  least  loss  of  time. 

Even  if  our  knowledge  were  perfect,  it  is  not  likely  that  any  scientific 
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elassificatioii  founded  on  natural  distmctions  would  serre  the  prac- 
tical needs  of  an  arrangement  for  use.  Our  present  knowledge  is  un- 
questionabty  so  yezy  far  from  perfect  as  to  be  inadequate  even  for  a 
complete  natural  classification;  while  an  attempt  to  construct  one  of 
this  character  that  shall  be  also  of  practical  conyenience  is  a  mere 
waste  of  time.  For  use,  we  must  divide  where  we  ought  only  to 
distinguish ;  and  we  have  to  place  near  together,  for  conyenience*  sake, 
maladies  that  should  be  not  only  far  from  each  other,  but  sometimes  far 
from  all  others. 

Yet  it  is  useful  to  attempt,  if  not  to  classify,  at  least  to  distinguish  th' 
chief  pathological  groups  of  the  morbid  processes  that  are  commonly 
regarded  as  diseases  of  the  "  neryous  system,"  and  are  so  designated 
XJnseryiceable  as  a  practical  division,  the  attempt  affords  a  general  yi^* 
of  the  nature  of  the  maladies,  including  the  various  influences  to  whiO'i 
they  are  due,  and  therefore  by  which  their  nature  is  detemdned.     The 
view  that  is  obtained  is  not  less  useful  because  the  groups  that  are,  in 
the  mass,  well  defined,  are  perceived  to  have  connecting  links  when 
their  borders  are  scrutinised,  or  are  even  found  here  and  there  to  blend 
in  places  where  a  demarcation  can  only  be  artificial    We  perceive  thus 
that  elements  are  common  to  more  than  one,  and  such  elements  may  be 
thus  more  clearly  discerned,  and  their  importance  is  more  ckarly  re- 
vealed. 

The  first  great  distinction,  which  is  indeed  a  cleavage  running 
through  all  the  varieties  distinguished  for  practical  convenience,  is 
that  of  primary  seat.  Some  diseases  begin  in  the  nerve-elements,  others 
outside  them,  in  other  structures.  These  structures  have  widely 
different  pathological  relations.  The  bones  which  protect,  the  fibrous 
tissues  that  invest  and  support,  the  vessels  which  convey  the  blood 
to  or  from  the  nerve-structures,  bring  the  diseases  of  these  structures 
into  connection  with  most  chronic  and  acute  constitutional  diseases ; 
the  blood  itself,  altered  by  numerous  and  widely  different  affections, 
frequently  produces  disturbance  of  function  or  of  structure,  and 
multiplies  the  relations  of  disease  of  the  nervous  system  to  an 
extent  that  is  to  us  indefinite,  and  potentially  is  all  but  infinite. 
Not  only  does  the  blood  cause  disease  by  the  direct  influence  of  its 
changed  constitution  or  the  morbid  agents  it  bears,  but  the  physical 
conditions  of  the  circulation,  by  excess  or  deficiency  of  force,  and  the 
passage  in  it  of  bodies  that  can  obstruct  the  arteries,  involve  a  direct 
relation  to  morbid  states  of  the  heart,  which  is  frequently  obtrusive. 

The  affections  which  constitute  connecting  links  between  the  two 
general  classes  of  disease,  those  in  which  the  nerve-structures  suffer 
primarily  and  suffer  secondarily,  deserve  a  general  notice.  Some  of 
them  present  to  view  certain  pathological  features  which  are  of  great 
importance,  and  which  we  have  only  lately  become  able  to  perceive  dis- 
tinctly if  not  yet  clearly. 
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The  Tarunif  morbid  growths  are  also,  for  the  most  part^  diseaaet 
<mJ J  in,  not  of,  the  neryoos  STstem,  although  one  yariety  of  neoplasm 
affords  another  illnstration  of  the  oonnectLon  between  the  two  classes; 
f^lioraata  connect  extrinsic  growths  with  diseases  tiiat  are  piimarity  of 
ihh  nerre-ftractine.  The  supporting  neuroglia,  different  from  the 
nf^rve-stroetiires  as  it  seems,  and  indeed  is,  consists  of  a  residue  of  the 
f^nbiyonal  tissue  from  which  the  nerrous  elements  were  developed.  In 
ilH  nutritional  tendencies  it  presents  a  relation  to  the  nerre-stnictures 
wtii':h,  though  definite,  is  opposite;  it  oyergrows  when  the  latter  decay, 
and  thus  giTes  rise  to  the  condition  of  secondary  "sclerosis."  Its 
growth  seems  normallj  to  be  restrained  by  the  yitality  of  the  higher 
iJHHiiti,  and  becomes  exuberant  as  soon  as  that  of  the  latter  is  lessened. 
It  may  persist  in  tracts,  large  or  small,  when  there  is  a  congenital 
iitrt'Mt  of  devebpmentk  such  as  gives  rise  to  the  cavities  called  "  syringo- 
myi'lia;"  this  persistence  is  especially  important  because  the  tissue 
rnay  a^ase  to  be  quiet,  may  grow  and  devdop  into  the  definite  and 
tiiih'^/iro us  condition  known  as  " central  gliomatosis."  But  the  neuroglia, 
OH  i\ub  "  connective  tissue  "  of  the  central  structures,  shares  the  lower 
morbid  tendency  of  the  interstitial  tissue  of  all  organs.  It  is  by  an 
ov4;r(^rowth  of  this,  in  random  foci,  presenting  at  first  some  of  the 
fftaturvHi  of  inflammation,  that  "  insular  sclerosis  "  develops,  while  the 
rj(;ijn;^liii  also  takes  a  chief  part  in  all  forms  of  interstitial  inflammation 
in  iUti  brain,  cord,  and  nerves.  Its  secondary  overgrowth  in  degenera- 
tion of  the  nerve-structures  varies  in  amount  and  in  energy ;  even 
wlion  Wicondajry,  it  seems  occasionally  to  assume  an  independence  which 
niaLt'H  it  excessive,  and  an  energy  which  involves  some  of  the  features 
of  inilaniination. 

Wo  liave  to  distinguish  from  the  primary  interstitial  changes,  those 
tu'MiAi  processes  in  which  the  nerve-structures  suffer  primarily,  but  with 
ni|»i<lity.  When  they  undergo  slow  decay  we  call  it  "  degeneration,*' 
but  an  acute  destructive  change  may  take  place  so  rapidly  as  to  resemble 
" pan;nr;hyinatous  inflammation" — i.  e.  inflammation  in  which  the 
primary  element  is  in  the  proper  functional  structures  of  an  orgpn. 
Sii(;h  cliangfis  belong  to  the  group  of  diseases  that  are  truly  of  the 
uervouH  HVHtem,  but  are  not  always  readily  distinguished  from  the  inter- 
stitial ini.  j,mmations,  since  the  interstitial  tissue  and  vessels  may  parti- 
cipate in  the  more  intense  processes.  Their  course  presents  all 
^^ni/lations,  from  the  most  acute  to  chronic  forms,  but  even  in  the 
former  it  is  often  renuirkable  how  small  is  the  share  the  connective- 
tissue  elements  take.  These  processes  have  become,  of  late,  very  iin- 
lK)rtant,  on  account  of  the  extent  and  degree  to  which  they  can  be 
tnicod  to  toxic  influences.  They  constitute,  in  slow  form,  the  systemic 
degenerations  of  the  centrol  nervous  system,  and  also,  in  both  slow  and 
rapid  forms,  the  varieties  of  toxic  peripheral  "  neuritis."  The  former, 
as  well  as  the  latter,  have  been  extensively  traced  to  the  influence  of 
blood-states.  But  as  chronic  "  degeneration,"  they  are  also  often  due 
to  defective  vitality,  or  imperfect  vital  endurance,  senile  or  premature. 
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occurring  in  late  life  before  other  structures  decay,  or  as  isolated 
failure  soon  after  development  is  complete.  The  latter  class  is  represented 
by  the  diseases  of  which  "  hereditary  ataxy  "  is  a  type. 

The  toxic  influences  which  are  thus  effectiye  seem,  so  far  as  we  can 
trace  their  nature,  to  be  chemical.  They  may  be  metallic  poisons — or 
the  simpler  chemical  substances  of  organic  origin,  as  alcohol— or  com- 
plex organic  compoimds,  either  received  from  without  or,  more  often, 
formed  within  the  body.  They  are  often  formed  within  the  body  by 
the  organisms  that  give  rise  to  "  acute  specific  diseases,"  as  has  been 
clearly  proved  in  the  case  of  diphtheria;  to  the  same  mechanism 
many  nervous  sequelse  of  acute  diseases  are  apparently  due.  These 
poisons,  especially  those  of  organic  origin,  present  the  remarkable 
feature  of  a  special  tendency  to  influence  certain  nerve-structures,  that 
we  are  only  able  to  distinguish  from  others  by  their  difference  of 
function ;  imderlying  this  must  be  some  minute  difference  of  consti- 
tution which  renders  them  more  susceptible  to  the  particular  chemical 
compounds.  These  structures  suffer  most  where  their  vitality  is  least, — 
for  instance,  the  ends  of  the  nerve-fibres, — the  parts  farthest  from  the 
nerve-cell  of  which  they  are  the  processes.  Thus  many  toxic  agents  act 
on  the  extremities  of  the  long  sensory  or  motor  nerves  in  the  limbs, 
causing  "  degenerative  peripheral  neuritis,"  while  a  similar  degeneration 
of  the  fibres  of  the  pyramidal  tracts  of  the  spinal  cord  (the  processes 
of  the  motor  cells  of  the  cortex)  constitutes  *'  lateral  sclerosis."  The 
motor  fibres  of  the  limbs  are  processes  of  the  cells  of  the  anterior  grey 
matter  of  the  cord ;  the  sensory  fibres  proceed  from  the  cells  of  the 
ganglia  in  the  posterior  nerve-roots.  Of  the  latter,  those  which  seem 
most  prone  to  suffer  are  the  afferent  fibres  from  the  muscles.  In  loco- 
motor ataxy  these  nerves  suffer  first,  apparently  from  a  toxic  agent 
which  is  a  result  of  syphilis,  and  acts  also  on  the  other  processes  of 
these  ganglion-cells  —those  which  become  the  fibres  of  the  posterior 
median  columns.  These  ascend  the  cord,  but  depend  for  their  vitality 
on  the  cells  of  the  posterior  ganglia.  Thus  the  degeneration  in  the 
spinal  cord,  the  "  posterior  sclerosis,"  and  the  changes  in  the  peripheral 
nerves,  are  but  parts  of  the  toxic  effect  on  one  set  of  "neurons." 
Tlie  afferent  nerves  from  both  skin  and  muscle  suffer,  moreover, 
from  many  other  toxic  causes,  and,  alike  in  alcoholic  neuritis  and  in 
diphtheritic  palsy,  we  may  have  a  close  resemblance  to  locomotor  ataxy. 
A  corresponding  lesion  underlies  the  correspondence  of  symptoms. 
The  special  susceptibility  of  the  muscle  nerves  is  the  causo  of  the 
frequency,  and  early  date,  of  the  loss  of  the  knee-jerk,  and  of  the 
significance  of  the  symptom. 

Other  toxic  agents  influence,  not  the  peripheral  ends  of  the  chief 
processes  of  the  cells,  but  the  structures  in  which  nerve-energy  is 
produced  in  the  central  mechanism.  Such,  for  instance,  is  stryclmine, 
and  the  strychnine-like  products  of  the  organism  of  tetanus ;  while 
ore  element  in  the  production  of  the  curious  disturbance  of  chorea 
seems  to  be  the  action  on  the  elements  of  the  motor  cortex  of  some 
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cauflM  acute 


poison  aUiAri   ♦^   i..  . 

^lative  d^  •  ^  probably  a  complex  organic  chemical  compouncL 

^«5ribed  to  bn^^^^  ^  *^®  ^^^^  ^^  leaiating  toxic  agents  must  be 

tliat  maintains  n^t^**^  ®^«W.  a  lower  degree  of  the  energy  of  life 

^f  cases  in  which  fn^     ^^^  imperfection  is  manifested  by  a  dass 

structures,  either   .     ^'^  ^  nutrition  occurs  spontaneously  in  oertain 

^trophy,  or  labi      l^      ^  ^^'  **  ^  many  cases  of  senile  muscular 

^^^tans, — or  else  ^  *^*^  P^wlysis,  or  senile  brain  failure,  or  paralysis 

-^he  so-called  "  h^^r  *^^  <^mplete  development  is  achieved,  as  in 

^^  possible  that  a  ^l^***^  ataxy"  and  its  congeners.      Moreover  it 

^ome  structures  ^^     difference  in  the  power  of  vital  endurance  in 

4:jbanges  in  middl  ?^?^^  *  greater  readiness  to  suffer  degenerative 

Tlie  toxic  agentT^  ^^  *°^^^*^^^  ^^^^^®*^^^- 

impair  their  nuS«  ^    ^  ^*^  *^^  act  on  the  nerve-structures  and 

S30fty  be  derived  d*    ^  ^^^  function  are  numerous  and  varied.    They 

l>ody  by  the  or&a?'^^^  ^^  without^  may  be  produced  within  the 

^emical  pro<2^^*^  ^^  disease,  and  may  be  produced  by  disordered 

jxifluence  that  been   ^^^^^  ^m  external  influence,  or  l^  an  external 

present  relation    f^^®^®^^®**"^^^^  a  Peculiar  predisposition.  They 

tissues  and  on   i\^       ^^^  rheumatic  poisons  which  act  on  the  fibrous 

jiiay  cause  in  ^^'  structures.    Exposure  to  cold,  apparently  the  same, 

/^s  tonsiUitig\  ^^^'^'^^  persons — a  general  catarrh,  local  inflammation 

ij^yeliUs,  or  tjca^^     rheumatism  (with  or  without  endocarditis),  spinal 

tb©  toxic  aff^t  ^  ^'^^  Jiouritis,  apparently  according  to  the  nature  of 

^dual      Asli^^^^'^*^'  determined  by  the  constitution  of  the  indi- 

divergenoe  in^^      difference  in  the  initial  effect  may  determine  a 

the  ultimate  <)hfimical  processes  under  the  influence  of  life,  and 

different       ^■'^t  la  the  same  in  no  two  individuals,  and  may  be  very 
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SYMPTOMS  AITD  TKSIE  UrnSSTTGATTON. 

Thb  nervoTU  system  is  almost  entirelj  ioaooessible  to  direct  obser- 
▼ation.  The  exceptions  to  tliis  are  trifling:  the  termination  of  one 
n'^rre,  the  optic,  can  be  seen ;  some  of  the  nerve-trunks  in  the  limbs 
can  be  felt,  either  in  the  normal  state  or  when  enlarged  by  disease.* 
As  a  role,  the  state  of  the  nervous  system  can  be  ascertained  only  by 
the  manner  in  which  its  work  is  done,  and  morbid  states  reveal  their 
pi>Beence  by  the  derangement  of  function  which  they  cause. 

The  functions  of  the  nervous  system  are  often  divided  into  mental, 
motor,  and  sensory ;  but  they  are  far  more  extensive  than  those  words 
denote^  The  functions  of  all  the  organs  of  the  body,  all  states  of  the 
blood-vessels  and  hence  of  the  circulation  within  them,  and  even  all 
processes  of  nutrition,  are  under  the  control  of  the  nervous  system. 
The  disturbance  of  nerve-function  produced  by  disease  is  conterminous 
in  extent  with  the  human  organism.  Our  knowledge  of  these  symptoms 
is  constantly  increasing  in  range  and  in  degree.  They  differ,  however, 
very  much  in  relative  importance.  Some  occur  more  frequently  than 
others,  and  are  more  direct  in  significance.  Many  have  a  special 
relation  to  certain  parts  of  the  nervous  system,  while  others  occur  in 
diseases  of  all  parts.  It  may  be  well,  at  the  outset,  to  describe  the 
characters  of  some  of  the  most  frequent  symptoms ;  whDe  the  more 
special  symptoms  can  be  conveniently  considered  when  we  deal  with 
diseases  of  that  part. 

MoTOK  Symptoms. t — ^Disturbance  of  motion  is  one  of  the  most 

*  To  the  ne«r  X  rajt,  nnfortunately,  the  nerve-centres  are  opaqne  and  inHcce$« 
nlile,  and  the  nerve*  differ  too  little  in  trantpHrency  from  the  other  tissues  to 
permit  them  to  he  teen,  while  their  course  is  seldom  sach  aa  to  bring  them  into 
eoDspieooQs  distinction  from  other  structures. 

t  Some  modification  of  the  word  kinesis  (akinesia,  Ac.)  is  sometimes  used  to 
designate  motor  a^mptoms.  These  words  seem  to  me  to  add  nothing  to  our  know- 
2rdge  or  to  its  clearness — certainly  nothing  to  rotnpenaate  for  thrir  cumbersome 
charaeter;  and  the  definite  adtiitionall  new  word-*  make  to  the  informatiim  that  ha^ 
to  ba  aeqaired  b  not  always  sofilciently  weighed  against  their  supposed  advantii'zo. 
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commott  ^^^  of  disease.     Movement  is  produced  by  muscles    but 
the  muscles  are  excited  to  contraction  by  the  nervous  system.     Most 
alterations  of  motility,  both  defect  and  excess,  are  due  to  its  derange- 
ment.     The  conditions  are  very  few  in  which  motor  changes  originate 
in  the  muscles  themselves.    Defect  of  movement  is  of  muscular  origin 
only  in  Bome  cases  of  primary  alteration  in  the  nutrition   of  the 
muscles.      When  there  is  a  general  impairment  of  nutrition,    the 
jnuscles  participate  in  this ;  they  are  ill-nourished,  and  therefore  feeble. 
Such  a  condition  is  met  with  in  chronic  wasting  diseases,  in  ansemia 
aud  as  an  acute  affection  in  all  acute  febrile  diseases.     This  is  ihe 
chief  cause  of  the  muscular  weakness  that  so  often  results  from  f eyers  • 
it  may  even  proceed  to  the  degree  of  causing  visible  changes  in  the 
aspect  of  some  fibres. 

In  a  few  chronic  diseases  the  muscles  undergo  a  primary  altera- 
tion. One  is  the  disease  known  as  "  pseudo-hypertrophic  paralysis,'* 
g^  g|>ecial  form  of  a  wider  malady,  in  which  there  is  atrophy  of  the 
must^les,  due  to  their  own  defective  power  of  vital  maintenance.  Rheu- 
matic and  other  inflammations,  commonly  interstitial,  may  greatly 
inipair  their  power,  first  by  the  pain  contraction  causes,  and  then  by 
damage  to  the  nerves  in  this  tissue,  a  state  to  be  distinguished  from 
Q^Q  primary  affection  of  these  endings  themselves.  In  almost  all  other 
conditions,  loss  of  power  in  the  muscles  is  dependent  on  the  state  of 
the  nervous  system,  either  directly  or  through  defective  nutrition  of 
the  muscles,  or  both.  The  nutrition  of  the  muscular  fibres  depends  on 
the  motor  nerves,  although  we  are  still  ignorant  of  the  precise  nature 
of  that  dependence.  The  subject  will  be  referred  to  again  in  the 
special  account  of  the  changes  that  result  from  injuries  to  the  nerves. 

So  also  with  increased  and  involuntary  muscular  action.  We  know 
Uttle  of  what  has  been  termed  "  idio-muscular  contraction," — ^that 
is,  contraction  originating  in  the  muscle  itself.  Whenever  the  whole 
of  a  muscle  contracts,  the  contraction  is  due  to  an  influence  acting 
on  all  the  fibres,  and  this  is  generally  from  the  nerve-centres.  Even 
muscular  "tone"  is  dependent  on  the  connection  of  the  muscle 
with  the  nerve-centre,  since  it  ceases  when  the  connection  is  de- 
stroyed. It  is  possible  that  the  extreme  degree  of  the  contraction  in 
cramp  is  the  effect  of  a  tendency  in  the  muscle  itself.  When  the 
shortening  exceeds  a  certain  degree  it  becomes  fixed  in  a  pecuhar 
manner,  which  seems  as  if  it  were  due  to  a  tendency  in  the  fibres  to 
pass  beyond  the  power  of  relaxation.  Contraction  of  the  whole  of  a 
muscle  may  also  result  from  mechanical  influences  acting  on  every 
part  equally,  as  in  traction.  But  these  exceptions  occur  under  special 
conditions. 

The  partial  contractions  that  are  termed  "  fibnUary "  are  probably 
local,  since  they  are  so  readily  produced  by  mechanical  stimulation, 
such  as  a  tap  on  the  muscle.  Yet  fibrillary  contractions,  although 
sometimes  local,  may  be  often  of  central  origin.  This  is  also  true  of 
the   iiickering  contractions  that  are  so  conmion  in  persons  whose 
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nenrouB  STstem  is  enfeebled,  the  "  live  flesh  '*  of  popular  language. 
They  may  occur  in  any  muscle,  from  the  orbicularis  palpebrarum  (in 
which  they  are  most  common)  to  the  gluteus  maximus.  After  damage 
to  the  nerve-fibres  to  the  muscle  they  occur  in  special  degree ;  they  are 
often  frequent  for  years  in  the  calf  muscles  after  sciatic  neuritis. 

ParalysU. — ^Defect  of  movement  may  present  every  degree  from 
slight  weakness  to  absolute  loss.  There  may  be  inability  even  to  make 
the  muscle  contract,  or  the  voluntary  contraction  may  occur,  but  be  too 
feeble  to  move  the  parts  to  which  the  muscle  is  attached.  The  latter 
difference  is  to  some  extent  relative,  since  it  varies  with  the  readiness  with 
which  the  part  can  be  moved — i.  e,  with  the  resistance  to  be  overcome. 
A  contraction  that  wiU  flex  a  finger  may  be  insufficient  to  flex  the  wrist. 
The  difference  may  vary  in  the  same  part  according  to  position.  A 
d^ree  of  power  in  the  flexors  of  the  hip,  that  will  move  the  leg  when 
the  patient  is  lying  on  his  side,  may  be  insufficient  to  do  so  when  the 
patient  is  lying  on  the  back.  This  difference  is  even  more  conspicuous 
in  some  other  muscles ;  paralysis  of  the  extensors  of  the  elbow  may  be 
discovered  only  on  an  attempt  to  raise  the  hat:  in  many  positions 
extension  is  due  to  the  weight  of  the  arm,  much  more  than  to  the 
muscles,  so  that  considerable  weakness  may  be  unobserved. 

The  term  "  paralysis  "  has  long  been  applied  to  all  degrees  of  defect 
of  power,  a  distinction  being  made  between  complete  and  incomplete 
paralysis.  Partial  loss  of  power  is  also  sometimes  termed  "  paresis." 
The  advantages  of  "  paresis "  over  the  word  "  weakness "  are  chiefly 
psychical,  and  depend  on  the  popular  horror  of  "  paralysis,"  which  has 
become  specially  associated  with  complete  loss  of  power,  and  the  idea 
of  incurability  seems  inseparably  attached  to  the  term. 

Our  means  of  estimating  d^ects  of  muscular  contraction  are  very 
imperfect,  in  consequence  of  the  peculiar  and  various  f orm^  of  move- 
ment which  are  produced.  An  instrument  to  measure  thefo»r»  exerted 
is  called  a  "  dynamometer,"  but  any  simple  form  of  instrument  can 
have  only  limited  application.  Several  have  been  devised,  Iwit  that  in 
general  use  consists  of  an  oval  steel  ring,  which  can  be  narrowed  either 
by  compression  applied  to  its  smaller  diameter  or  by  traction  applied 
to  its  longer  diameter.  The  change  in  the  shape  of  the  dyni^-mometer, 
and  therefore  the  force  exerted,  is  shown  by  the  movement  of  an 
index  on  a  scale  that  has  a  double  graduation,  a  closer  for  com- 
pression, which  is  easy,  and  a  wider  for  traction  lengthways,  which 
is  difficult.  This  form  of  dynamometer  is  known  as  "  Charriere's," 
from  the  name  of  its  first  maker.  Another  less  convenicAt  form 
was  devised  by  Duchenne.  These  instruments  are  chiefly  i>sed  for 
the  measurement  of  the  grasp.  The  estimation  of  the  streo^h  of 
other  movements  is  practicable,  but  not  easy.  The  observer  opposes 
the  movement  by  means  of  the  instrument,  and  notes  the  resistance 
that  can  be  overcome.  Thus  pressure  applied  through  it  just  9^bove 
the  patella,  to  force  down  the  raised  thigh  in  the  sitting  postxire,  shows 
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the  power  of  the  flexors  of  the  hip.  The  wide  yariations  ia  strength 
among  different  persons  renders  absolute  estimation  possible  only  when 
the  defect  is  considerable.  Slight  changes  are  recognised  by  comparing 
the  power  on  the  two  sides.  It  should  be  remembered  that  the  Umbs 
on  the  right  side  are  normally  stronger  than  those  on  the  left,  the  rela- 
tion being  about  as  five  to  four.  Care  must  be  taken  to  secure 
uniformity  of  the  conditions  under  which  the  observations  are  made. 
A  careful  search  would  doubtless  reveal  average  proportions  between 
other  movements  that  can  be  measured.  Thus  the  strength  of  flexion 
of  the  hip,  estimated  in  the  way  just  mentioned,  often  corresponds  to 
the  strength  of  grasp  on  the  same  side. 

IncO'Ordinaiion  of  Movement, — By  this  term  is  meant  a  defect  in  the 
relative  time  and  degree  of  the  muscular  contractions  by  which  a  move- 
ment is  produced.  Eveiy  movement  is  due  to  the  contraction  of  a 
series  of  fibres,  which  may  or  may  not  correspond  to  the  series  massed 
together  in  a  "  muscle."  Movements,  not  muscles,  are  represented  in 
the  structure  of  the  brain,  and  the  fibres  which,  together,  cause  a  simple 
movement  may  be  in  more  than  one  muscle,  or  may  be  only  part  of  a 
muscle.  The  synergic  action  of  the  several  fibres,  in  a  definite  degree 
and  at  a  certain  time,  is  essential  for  the  movement.  So  also  is  the 
simultaneous  contraction  of  the  opponents  of  these  acting  muscles, 
which  are  thus  steadied ;  this  arUergic  *  contraction  is  essential  for  the 
exertion  of  force,  and  must  be  often  great  in  degree  when  strength 
rather  than  amount  of  movement  is  required.  It  must  also  be  lessened 
automatically  to  permit  movement.  (The  process  will  be  considered 
in  connection  with  the  functions  of  the  spinal  cord.)  Defect  in  the 
opponents  does  not  interfere  with  rnovement,  but  it  prevents  the  exertion 
of  force,  by  permitting  the  movements  to  be  too  great. 

It  is  not  customary  to  apply  the  term  "  inco-ordination "  to  any 
derangement  of  movement  except  that  which  is  irregular  in  time. 
There  may  be  also  irreg^ularity  in  degree,  but  it  is  when  the  contractions 
have  not  the  normal  duration,  or  are  not  synchronous,  or  not  in  due 
sequence,  that  the  conspicuous  irregularity  occurs  to  which  the  term  is 
applied.     This  is  also  often  called  "  ataxy." 

Its  manifestations  differ  in  character  according  to  the  character  of 
the  movement.  The  variations  are  so  great  that  it  is  not  practicable  to 
describe  them,  nor  is  it  necessary,  since  all  have  the  general  nature  just 
stjited.  It  is  also  not  easy  to  estimate  the  inco-ordination  so  as  to 
j>ermit  definite  record.  When  the  movement  of  the  arm  is  affected,  the 
tlojjree  may  be  estimated  by  making  the  patient  try  suddenly  to  touch, 
with  the  point  of  a  pencil,  a  spot  on  a  sheet  of  paper  placed  before 
him,  his  eyes  being  closed  at  the  moment  of  the  attempt.  After  a 
certain  number  of  attempts  the  average  distance  from  the  spot  of  the 
dots  he  has  made  is  ascertained,  and  this,  compared  with  the  result 

*  I  u»e  this  term  l)erause  we  have  none  to  express  antaj^onistic  co-operation.  Thia 
'«  BYnchronnas  with  that  of  the  acting  muscle,  bat  not  synergic. 
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by  &  normal  mdiridTml,  affords  a  numerical  indication  of  the 
of  moo-ordination«^    The  method  is  effdctiTe,  although   the 
is  perliApa  ecaroel/  worth  the  trouble. 

tibere  is  inoo-ordinatioti,  Bpontaneoua  movements  occur  if 
tJie  patient  tries  to  hold  the  limb  in  a  certain  posture  ;  the  variation  in 
mniynlar  contraction  prevents  fixation  as  well  as  disorder  in  moTen:ieut ; 
C3o-ordination  is  as  essential  for  steadiness  of  uniform  contraction  as  for 
ihs  steadiness  of  the  yarjing  contractions  of  movement.  These  invol on- 
tarf  iiiov«iaentB  oonstitate  a  delicate  test  for  the  presence  of  ataxj. 

All  spontaneous  muscular  contrac^ons  derange  those  that  are  due  to 
the  will,  and  movement  is  disordered  bjanj  *'  tremor  "  which  co-exist.^. 
1  bd  slight  rapid  contractions  that  cause  "  tremor  '*  may,  indeed,  occur 
mfy  as  Toluntarj  movement,  and  there  is  a  gradation  of  disorder 
bam  simple  inco^ordination  to  that  which  may  be  called  "  tremulous/' 
So  also  more  extensive  spasm  disturbs  movement  with  which  it  coincides, 
energetic  contractions  of  involuntary  nature  may  be  excited  by  a 
impulse.  Hence,  just  as  simple  ataxy  may  pass  into  tremor, 
so>  on  the  other  hand,  there  is  a  gradation  by  '*  jerky  inco-ordination  " 
to  wid«  sodden  movements,  the  violence  of  which  obscures  the  element 
of  niere  disorder. 

2l  im  necessary  to  distinguish  co  ordinaiion  and  the  direction  of 
Li  to  a  definite  end.  The  motor  process  for  the  latter  depends 
guidance,  chiefly  on  the  senses  of  touch  and  sight.  A  semp- 
with  loss  of  senfa  ion  in  the  fingers  cannot  sew  unless  she 
eooslftiitly  watches  them.  A  compositor,  whose  sense  of  touch  is 
ditDed  upon  the  tips  of  thumb  and  index  finger,  cannot  pick  up  Hie 
tjps;  or  if  he  does  pick  it  up  may  drop  it  again,  unless  he  constantly 
WBlebes  the  movement,  t  here  is  also  a  guidance  from  the  affoivnt 
of  the  muscles,  but  this  is  related  to  co-ordination  prn|>er  i-ather 
to  the  direction  of  movement,  and  it  vnll  be  more  conveniently 
amsidtred  in  connection  with  the  functions  of  the  spinal  conL  Indeed, 
tlw  neetianism  of  co>ordination,  and  its  special  factors*  can  (mly  be 
in  that  connection. 


8paam. — Involuntary  muscular  contraction,  when  considerable  in 
termed  spasm,  is  always  due  to  the  influence  of  the  nervous 
It  is  a  frequent  symptom  of  disease.  Three  chief  varieties 
BH^  Vo  disttnguished*  but  intermediate  and  combined  forms  are  often 
met  winh,  (I)  We  may  have,  first,  a  single  isolated  very  brief  contraction 
ol  aB#  or  more  muscles.  (2)  Separate  contractions  may  occur  in  rapid 
•noOBtsioiu  a  second  commencing  as  soon  as  there  is  relaxation  of  the 
muscle  from  the  first  contraction.  This  is  termed  **  clonus,"  or  "  clonic 
w^mgaL^  The  ivJjixation  of  one  is  often  incomplete  when  the  next  con- 
teiction  begiits.  (3)  There  may  be  a  persistent  contraction  in  which  no 
fvlanUioo  can  be  |)eiYt>ivo«i.     This  is  termed  **  tonic  spasm.*' 

(1)  It  wtD  be  rememb(>red  that  muscles,  as  long  as  they  are  connected 

•  DUi*  '  Nettr.  C«HtniU)./  1884.  p.  88, 
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with  the  nenre-ceoiitraB,  are  never  in  a  state  of  perfect  relazatiaiL  There 
is  alwajB  a  certain  degree  of  persistent  slight  contraction  of  the  fibres, 
which  keeps  them  adapted  to  the  distance  between  their  attachments, 
80  that  the  substance  of  the  muscle  presents  always  a  similar  d^^^ee  of 
firmness.  This  physiological  "  tone  "  is  due  to  a  continuous  action  of 
the  centre  on  the  muscles,  through  the  motor  nerves ;  but  this  action  is 
apparently  determined,  in  degree  at  least,  by  the  sensory  impressions 
from  the  parts,  and  especially  from  the  muscles.*  Tonic  spasm  may 
be  regarded  as  an  augmented  degree  of  this  state,  due  to  yarious 
causes.  Although  it  necessarily  depends  directly  on  the  action  of  the 
centres  in  the  spinal  cord,  this  may  be  due  to  the  augmenting  influence 
of  the  cerebral  centres,  or  to  diminution  of  the  latter,  permitting 
insubordinate  activity,  and  is  often  clearly  the  result  of  a  reflex  process. 
It  must  be  distinguished  from  structural  shortening  of  the  muscle. 
The  distinction  is  easy,  because  tonic  spasm  can  always  be  overcome  by 
gentle,  steady  traction,  while  structural  shortening  cannot  be  thus 
removed.  Kie  latter  may  result  from  long-continued  tonic  contraction ; 
nutritional  changes  alter  the  structure  of  the  muscle  and  fix  the 
elements,  especially  the  interstitial  tissue,  in  the  state  of  contraction. 
It  occurs  whenever  muscles  for  a  long  time  are  unextended  by  their 
antagonists,  and  so  results  from  the  long-continued  maintenance  of  a 
certain  posture,  and  also  in  extreme  degree  from  paralysis  of  opponents. 
Its  influence  on  the  joints  and  the  parts  moved  causes  the  various  de- 
formities that  result  from  local  palsy.  The  tonic  spasmodic  shortening 
which  can  be  overcome  is  often  spoken  of  as  "  spastic."  It  is  some- 
times also  distinguished  as  "contracture,"  the  term  "contraction" 
(which  really  includes  all  forms  of  spasm)  being  then  applied  in  a 
narrow  sense  to  the  fixed  shortening. 

(2)  Single  muscular  contractions  vary  much  in  extent  and  duration ; 
when  partial  they  sometimes,  as  already  stated,  seem  to  be  of  local 
origin.     When  more  extensive  they  depend  on  the  nerve-centres. 

(3)  Clonic  spasm  consists  of  a  series  of  brief  contractions,  each  of  which 
corresponds  to  that  which  is  caused  by  a  single  induction-shock  applied 
to  the  nerve.  This  has  a  definite  duration  of  one  tenth  to  one  twelfth  of 
a  second,  but  it  is  often  prolonged  by  the  force  which  the  contracting 
muscle  has  to  overcome.  In  the  serial  contractions  to  which  the  term 
'*  clonus  "  is  applied  there  is  also  an  interval  between  the  end  of  one 
and  the  commencement  of  another,  oocupied  by  the  process  of  stimula- 
tion. The  "  foot-clonus  "  to  be  presently  described,  which  consists  of 
a  scries  of  such  contractions,  varies  in  frequency  from  five  to  eight  or 
ten  per  second.  The  contractions  in  "  tremor,"  as  seen  for  instance  in 
"  paralysis  agitans,"  have  a  somewhat  greater  average  frequency. 

*  JendniMik  ('Near.  Centralbl./  1806)  has  endeftvoared  to  ettimate  the  deg^t^e 
of  tone  by  the  resistance  of  the  muxcles  to  passive  extension,  and  tindt  it  greater  ia 
Hpniitic  paraplegia,  and  less  in  tabes  than  in  normal  states.  The  latter,  hcnrerer,  pre- 
fciited  such  wide  variations  as  to  preclude  absolnte  inferences.  The  amoaut  of  tht 
extending  force  applied  seems  to  need  more  careful  adjustment. 
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Teffeanic  ipaam  ti  produced  by  the  blending  of  cIoqic  contra^tious 
wbkli  DUkj  be  so  fused  that  the  contraction  is  uniform,  and  is  then 
rlfff^lirwl  with  tonic  spasm;  or  there  maj  be  commencing  rekxation  of 
one  befoce  the  nest  contraction  superrenes.  This  is  chiefly  seen  as 
such  apuan  developis  or  lessens.  The  passage  of  tonic  into  clonic 
is  well  seen  in  the  severe  epil^'ptic  convulsion,  in  which  the  fixed 
becomes  first  Tibratotj,  then  intermittent,  and  at  last  remittent. 


Sktsokt  Sucptomb. — Altered  sensation  is  another  very  common 
^rmpiom.  It  has  often  to  be  searched  for,  because  a  significant  de^fivt 
maj  be  unknown  to  the  patient.  Each  form  of  sensation,  touch. 
teinpemture»  and  pain,  must  be  separately  tested*  Bince  one  may  be 
miywn*^  a,Q(l  not  another.  The  affection  of  one  form  only  is  sometimes 
of  important  diagnostic  significance. 

SrH^ibmit/  to  Touck.^The  structures  that  subserve  tactile  sensibility 
tLtn  stimulated  chiefly  by  motion— by  change  in  contact.  Prolonged 
eoiiteet,  uniform  in  its  degree  and  place^  is  perceived  but  lit  tie,  and 
mdf  by  dose  attention.  It  is  the  change  that  excites  a  nerve  impulse ; 
tho  coauneDoement  of  contact  is  more  effective  than  it.s  cessalion, 
bat  ta  ssfih  case  rapidity  of  change  chiefly  determines  the  resul). 
m  firm  pressure  may  be  scarcely  noticed  if  produced  very  graduiilly. 
viiito  A  sodden  touch  is  observed^  however  hght.  In  testing  tactile 
sBDsifaility  care  must  be  taken  that  the  instrument  employed  does  not 
give  Ml  impression  of  heat  or  cold,  lest  the  patient  perceive  by  the 
sense  of  temperature  that  which  he  cannot  perceive  by  the  sense  of 
tooch.  The  observer's  finger  may  be  used,  if  it  is  not  cold,  or  the  skin 
maj  be  touched  with  &  feather,  a  piece  of  string,  of  india  rubber,  Ac. 
Tlio  eyes  ol  the  patient  should  be  closed  during  the  examLniition,  and, 
sinee  he  is  apt  to  faney  that  he  feels  a  hght  touch  when  he  does  not,  he 
•hfittld  occasionally  be  asked  if  he  can  feel,  when  no  contact  is  made. 
But  it  is  easy  to  make  the  test  too  fine.  Where  the  skin  is  thick,  or 
sonsibihty  is  normally  low.  a  light  touch  with  a  piece  of  string  or  a 
fiMthrr  may  normally  be  unperoeived.  Loss  of  sensibUity  to  touch  is 
t«RiBi!d  **  anjssthesia,*'  but  this  word  is  often  apphed  Lx>sely  to  all  forms 
of  impaired  sensibility. 

In  rxamining  the  tactile  seDsibllity  it  is  important  to  ascertain  not 
only  whether  the  patient  can  ft^l.  but  whether  he  is  able  to  recognise 
IW place  touched, — whether  he  can  correctly  "  localise*^  the  sensation. 
Par  this  he  most  be  asked  not  only  whether  be  feels  the  touch,  but 
ahi9  to  say  or  point  out  where  he  feels  it.  The  part  touched  should  be 
ftv|tisatfy  Tshed.  Another  test  for  tactile  sensibility  dei^nds  on  the 
fiMi^  nsesrtAined  by  E.  H.  Weber,  tltat  the  distance  apart  at  whieli 
two  points  are  discriminated  is  nearly  the  same  in  different  individuals 
m  the  same  part  of  the  body,  although  it  varies  much  in  different 
psris  of  the  body.  The  normal  distance  being  known,  the  increased 
at  which  th«  points  have  to  be  placeil  for  their  diticriminatiou 
is  a  msssore  ol  the  dfiigroe  of  defect.     The  points  should  not  be  so 
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sharp  as  to  ocoanon  pain.  Oommon  oompastM  may  be  eomploTed* 
but  the  moft  oonTenient "  nstheBiometer  "  is  one  oontrived  hy  Sieveidng. 
in  which  the  points  aie  attached  to  a  graduated  bar.  The  greater  tlie 
degree  of  tactile  sensibilily,  the  nearer  together  can  the  points  be,  and 
still  be  discriminated.  The  distance  at  which  thej  are  normallj  distin- 
guished must  be  known  before  anj  inference  can  be  drawn.  The  most 
important  aTerage  distances,  ascertained  by  Weber,  are  as  follows: — 
The  distance  is  smallest,  i.  e.  the  Bensitiveness  is  greatest,  at  the  tip  of 
the  tongue,  where  the  points  are  discriminated  when  onlj  1*5  mm. 
apart.  Then  come,  in  order  of  sensitiyeness,  the  finger  tips,  2  to  8  mm.  ;j 
Uio  lips,  4  to  5  mm. ;  the  tip  of  the  nose,  6  mm. ;  the  cheeks  and  the 
himkB  of  the  fingers,  about  12  mm. ;  the  forehead,  22  mm. ;  the  neck, 
34  mm. ;  the  forearm,  lower  leg,  and  back  of  ioot,  40  mm. ;  the  chesty 
45  mm. ;  the  back,  60  mm. ;  the  upper  arm  and  thigh,  75  mm.  Slight 
variations  exist  in  different  individuals,  and  a  deviation  from  the 
normal  that  is  uniform  in  degree  throughout  the  body  is  probably 
{iliysIologicaL  In  using  this  test  it  is  necessaiy  to  touch  the  skin  with 
tlio  two  points  at  the  same  moment,  and  with  equal  pressure.  Hie 
luiimi nation  requires  time  and  patience,  and  the  results  are  consideraUj 
iii'Mlifhid  by  t^  intelligence  of  the  patient.  Moreover  the  power  of 
(JiHr.riinination  is  increased  bj  practice.  It  is  rare  to  obtain  a  oon- 
cliiHivo  result  unless  there  is  a  degree  of  defect  that  causes  a  slight 
al»Moluto  loss.  For  these  reasons  the  practical  value  of  the  test  is  less 
f  hiiti  was  at  first  anticipated,  and  it  is  not  often  employed.  It  is  most 
iiMi  i'lil  for  the  estimation  of  changes  of  sensibility  in  the  same  person 
It  ml  Min  same  part 

i  !ui'inu»  modifications  of  tactile  sensibility  are  sometimes  observed. 
1 II  ituu  ot  tlioNO,  a  single  touch  is  felt  as  if  it  were  two  or  even  three,  a 
(•...lutitiim  that  lias  been  termed  "  polysesthesia  "  (Fischer).  In  another, 
iiii  iiii|tHiiMlon  on  one  part  is  referred  to  some  other  part,  usually  in  the 
b.iiiii}  Itinh,  rarely  in  another  limb.*  In  another  variety,  an  impression 
till  (Miti  |jart  lias  been  referred  to  the  corresponding  place  on  the 
i.|.|.niiitti  side  of  the  body;  this  has  been  termed  " allocheiria " 
(UUiiHtuiiier). 

I'tii-(iu|iti(in  uf  the  degree  of  pressure  on  the  skin  is  probably  sub- 
b.  t  viKi  by  the  lusnres  for  tactile  sensibility.  It  may  be  estimated  by 
itiiiiplo  iirtMMuns  applied  through  any  instrument,  or  by  small  weights, 
til  li,v  uu  iimti'umeat  contrived  for  measuring  the  tension  of  the  pulse 
I  u  » liii'U,  by  iiusans  of  a  spring,  the  part  tested  must  be  supported,  so  that 
(iin  iiiuHuUiH  are  not  brought  into  action.    The  point  to  be  ascertained 

•  lu  wiuti  |i«rMiui  tknTtt  Art  ipoto  in  the  skin  whence  a  painful  sensntion  seems  to 
.l.iiu  i«i  i»  liisUut  iilAMf  I  #•#•  A  priok  on  the  thigh  in  a  limited  area  may  he  felt  also 
. .  ■«  >U4Vki  pultt  nmr  tha  sonpula.  This  shows  how  stroctural  connections  must  exist 
i.4«..uiiug  iUa  **  ^a^•rtflle« "  of  sensation  to  a  distance  from  the  nerve  stimiilnted. 
\u.iltur  lusUutHk  at  thu  same  piTverted  reference  is  presented  hy  tlie  frequent 
..  ..tat^u.  ^aku  lu  wui  Jaw  du«  to  a  carious  tooth  in  the  other  jaw,  wliich  seems 
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is  the  TniTiiTTiiiTn  yariation  that  can  be  recognised.  In  health  this  is 
about  one  twentieth  of  the  total  pressure,  whatever  the  latter  may  be 
(Weber).  The  sensation  in  the  skin  caused  by  electricity,  especially 
by  fiiradism,  does  not  always  correspond  to  that  due  to  other  stimuli. 
It  has  been  thought  to  depend  on  a  special  form  of  sensibility,  but 
the  eyidence  of  this  is  insufficient.  Its  features  and  their  meaning 
hare  yet  to  be  ascertained. 

SengibilUy  to  pain  is  subserved  by  what  are  called  nerves  of  "  common 
sensibility."  It  may  be  tested  by  a  prick  or  a  pinch.  For  a  prick, 
too  fine  a  point  must  not  be  used,  not  only  because  a  sharp  point  may 
penetrate  the  skin,  but  because,  in  the  less  sensitive  parts  of  the  skin, 
where  the  nerve-endings  are  not  close  together,  a  fine  point  may 
be  unfelt  at  one  spot,  although  felt  readily  at  a  place  close  by. 
Nothing  answers  better  than  the  point  of  a  quill  pen.  The  faradic 
current  may  be  employed  to  test  sensibility  to  pain,  wire  terminals 
being  most  suitable  for  the  purpose.  Its  advantage  is  the  delicacy 
with  which  it  can  be  graduated ;  but  it  does  not  furnish  any  absolute 
standard,  and  needs  more  study  before  it  can  be  usefully  employed. 

Sensibility  to  pain  may  be  changed  with  or  without  sensibility  to 
touch.  Its  loss  is  termed  "  analgesia,"  but  is  often  included  in  the 
general  term  "  ansesthesia."  A  painful  sensation  may  be  felt  more 
intensely  than  normal ;  this  is  usually  called  "  hypersesthesia  " — a 
general  term  for  increased  sensitiveness ;  sometimes,  with  more  pre- 
cision, "  hyperalgesia."  Occasionally  a  touch  on  the  skin  gives  rise 
to  pain,  but  it  is  probable  that  this  is  due  to  the  stimulation  of  the 
over-sensitive  nerves  of  common  sensibility,  and  is  not  an  intensification 
of  a  tactile  sensation.  The  fact  that  touch  may  be  perfect,  although  no 
pain  can  be  caused,  makes  it  difficult  to  conceive  that  the  nerves  of 
touch  can  subserve  pain.  Both  tactile  and  painful  impressions  may 
produce  sensations  that  are  abnormal  in  character,  described  as 
**  thrilling,"  "  tingling,"  Ac  This  perverted  sensation  has  been  termed 
"  parsBsthesia,"  or  "  dyssesthesia,"  words  that  have  also  been  applied 
to  purely  subjective  sensations. 

When  a  prick  is  perceived  as  touch,  pain  being  lost,  care  is  needed 
that  the  patient  shall  clearly  know  what  is  desired.  Since  there  is 
often  delay,  when  there  is  not  loss,  he  should  be  told  to  say  *'  touch  " 
or  "  piick  "  the  instant  either  sensation  is  perceived.  When  sensibility 
to  pain  is  diminished  but  not  lost,  the  test  must  be  kept  uniform. 
Another  source  of  error  is  then  occasioned  by  the  readiness  with  which 
the  patient  may  mistake  the  degree  of  pain  he  is  required  to  recognise, 
and  by  the  fact  that  his  idea  often  varies  in  the  course  of  the  examina- 
tion. He  may  thus  deny  that  he  feels  a  prick  as  such  at  a  part  where 
presently  he  says  he  does,  and  this  quite  honestly,  the  sensation  being 
really  the  same.  It  is  probable,  indeed,  that  this  is  the  most  frequent 
cause  of  the  conclusion  that  the  state  "  varied  in  the  course  of  the 
examination,"  or  that  "the  patient's  answers  were  unreliable." 

SennbUity  to  temperature  is  usually  affected  with  sensibility  to  pain. 
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aHhoQgh  the  stmtttco  fact  that  the^  watain  stnated  muscular  fibres 
WMkm  it  pfobidslo  that  motor  Ebrils  maj  enter  tbetxi.  Their  relationsp 
and  morbid,  have  yet  to  be  worked  out,  but  we  may 
that  it  is  probably  in  them  that  the  afferent  impulaeB  aiise. 
Suck  impuhiett  are  axeited  eepociaUy  bv  preaiinre,  and  by  traction  on  tho 
■MliCiD,  Thtls  a  iqueeze  ol  the  calf  caudes  a  muscular  sensatioii 
of  am  itnAwiahla  quality,  and  strong  passire  flexion  of  the  foot  on 
Um  h^  eatUHM  a  aetuation  which  ia  distinctly  produced  in  the  muscle. 
T^  iMrrea  are»  moreoTer,  strongly  stimulated  when  the  fibres  ai^e 
by  the  extreme  contraction  ol  •*  cramp,"  wliii^h  causes 
pain.  It  must  be  ascribed  to  the  oomprot^sion  of  these  nerve- 
since  no  afEurent  impressions  seem  to  come  from  within  the 
It  IB  thus  a  proof  of  their  susceptibility  to  pressure-excita- 
tioR.  After  cramp,  moreover,  the  nerves  are  left  in  a  state  of  such 
mrilirl  excitability  that  eren  slight  extension  of  the  muaole  gives  rise 
,  alttumgh  such  extension  has  no  sensory  effect  in  the  normal 
ISreffT  one  has  experienced  the  effect  We  shall  afterwards  see 
impoitanoe  of  the  fact  thai  the  nerves  are  chiefly  stimulated  by 
two  meehaoioal  processes, 

unftfulftT  pain  caused  by  electrical  stimulation*  as  distinct  from 
m,  fialt  ki  this  akin,  may  be  due  to  the  stimulation  of  the  afiEerent 
Ol  eaowci^  4ogiee»  or  to  the  effect  on  them  of  the  muscular 
tba^  IB  ppodueed ;  the  former  is  the  more  probable.  But 
MDiations  of  pain,  although  due  to  *^  muscular  sensibility/'  are 
apl  JiiclnidBd  in  the  term  **  muscular  senBe."  They  are,  however,  of 
gBMliiaportanoe  on  account  of  the  conclusive  evidence  they  afford  that 
•flWHit  impulses  oome  from  muscles  and  aa  to  the  way  in  which  they 
ar«  produced. 

T%e  ckief  knowledge  that  is  ascribed  to  the  '*  muscular  sense  '*  ia 
Umk  of  ih/t  chamcter  of  movement  and  posture  due  to  the  action  of 
of  the  degree  of  movement  and  energy  of  contraction,  and 
ol  the  ohaiacter  of  passive  movement  (by  an  external  force)  and  of 
whan  the  muscles  are  at  rest.     It  is  eyident^  however,  that  here 
two  Tory  difBereni  conditions,  in  one  of  which  there  is  much 
ivify  ol  all  the  motor  elements,  nervous  and  muscular,  while  in  the 
axe  almost  at  rest,  only  such  gentle  action  persisting  as 
itataa  tho  "  tone."     Except  in  absolute  relaxation,  there  is  probably 
stimulation  of  the  afferent  nerves  by  this  tonic  state  of  the 
In  active  contaraction,  this  stimulation  is  far  greater, 
of  the  motor  nerve-centres  is  added.    Hence  two  elements 
ided  in  the  term,  and  must  be  separately  considered, 
knowledge  of  active  states  of  the  muscle  is  due,  at  least  in  some 
to  tb«  effect  on  coaaotousness  of  the  activity  of  the  nerre- 
l  the  aorement.    The  proof  of  this  consists  in  three 
(1)  In  palsy  of  an  oiniliir  muscle,  objects  seen  are  referred  to 
iliofi  (in  lotion  to  the  body)  that  they  would  occupy  if  the 
caneaponded  to  the  innervation ;  it  is  the  latter,  i.  s.  the 
TOL.  I.  2 
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activity  ot  ^^^  centre,  to  wHcli  the  perception  corresponds.  (2)  After 
amputation  of  a  limb^  a  p^irgon  who  makes  an  effort  to  moTe  tbe  lost 
part  seeme  to  feel  as  if  lie  did  moTe  it,  (3)  In  some  cotiTiilflioiii 
beginning  loc^j,  sligbt  atta<^ks  may  be  attended  with  a  feeHag  that 
the  arm  ii  taieed  above  the  head,  or  otherwise  tnov&d,  when  it  ia 
hanging  by  the  side.  These  facts  show  that  the  central  motor  proeesa 
is  an  important  Bomce  of  our  knowledge.  But  to  its  ©ffeet  mnst  be 
added  that  of  the  impulses  from  the  museles,  about  to  be  described. 

Our  knowledge  of  rest-poBture  and  passive  movement  must  be 
derived  from  inooming  impulsea.  These  are  not  from  the  skin  j  the 
sense  of  posture  may  be  lost  when  cutaneous  sensibility  is  normal,  and 
perfect  when  this  ie  much  impaired.  This  ie  observed  in  unilateral 
lesions  of  the  spinal  cord,  and  in  other  diseages.  The  chief  source  of 
these  perceptions  must  therefor©  be  the  deeper  afferent  nerves^  those  of 
the  muscles  and  Joints,  perhaps  chiefly  of  the  muscles. 

These  afferent  impulses  are  no  doubt  continuously  generated,  but  do 
not  influence  consciousness  as  deflnite  sensations.  They  certainly  in- 
fluence the  activity  of  the  motor  centres  of  the  spiuaJ  cord,  and  there  is 
reason  to  think  that  they  pass,  in  part,  to  the  cerebellum,  and  ad; 
through  it  on  the  cerebral  cortex,  determining  and  assisting  in  regu- 
lating its  activity.  ThiB  influence  on  the  motor  centres,  by  the  effect  it 
produces,  ie  apparently  one  chief  cause  of  the  perceptions  of  these 
passive  states.  The  active  state  of  the  motor  centime  of  the  cortex, 
however  it  is  produced,  has  an  effect  on  conBciouaness  and  enters  into 
perceptions  though  no  sensation  results.  This  may  be  combined  either 
with  true  sensation  from  the  parts  concerned,  or  with  the  result  of  still 
slighter  impulses,  to  be  discerned  only  by  close  attention,  to  the  joints, 
skin,  Ac.,  of  which  we  seemj  at  first,  to  be  altogether  uncongcious. 
We  are  thus  led  to  refer  our  perceptions  of  passive  posture  in  part  to 
the  same  structures  as  give  rise  to  our  perceptions  of  active  posture. 
Our  knowledge  is  the  result  of  such  perception,  and  not  of  true  sensation 
proper ; — we  perceive  and  know  that  which  we  do  not  feel. 

Our  recognition  of  resistanoe  to  contraction  affords  one  of  the  most 
delicate  tests  for  "  muscular  sensibility."  It  is  ascertained  by  testing 
the  ability  to  detect  differences  of  weight,  t.  e,  variations  in  the 
resistance  to  contraction.  In  this  examination  the  patient's  eyes 
should  be  closed,  and  the  objects  used  should  be  of  uniform  size. 
Leather  balls  like  small  cricket  balls,  contaming  various  weights  from 
two  drachms  to  two  pounds,  are  in  use  at  the  Queen  Square  Hospital 
for  this  purpose.  To  eliminate  as  far  as  possible  the  stimulation  of 
the  cutaneous  nerves,  we  may  (1)  reduce  it  to  a  minimum  area,  placing 
the  weights  in  a  bag  suspended  by  a  string  to  the  part  to  be  tested,  so 
that  only  a  small  area  of  the  skin  shall  be  pressed  upon ;  (2)  increase 
the  area  (Hitzig),  and  thus  diffuse  it  in  diminished  degree ;  (3)  increase 
the  weighty  and  therefore  the  pressure  in  both  area  and  degree,  so  that 
the  addition  to  be  discerned  shall  bear  only  a  small  proportion  to  the 
total  stimulation. 
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Thus  we  may  test  miisctilar  BensiTDilit/ : — (1)  by  the  power  of 
discrtininating  weight.  This  is  greiiter  than  in  the  case  of  the  nervea 
of  the  skin,  since  a  dififerenoe  of  one  fortieth  of  the  total  weight  can  be 
recognised  under  normal  conditions ;  (2)  by  the  sensitiveness  of  the 
muscles  to  pressure  and  traction ;  (3)  by  their  sensitiveness  to 
electrical  stimuktion.  It  is  difficult  to  test  accurately  the  electro- 
aensibility  unless  the  sensitiveness  of  the  sldn  is  lost»  or  is  removed,  as 
by  the  injection  of  cocain. 

The  power  of  recognising  passive  posture  is  also  regarded  as  a 
teat  for  muscular  sensibility ,  but  it  may  mean  much  mortj,  al'ter wards 
to  be  considered.  If  cutaneous  sensibility  is  normal,  the  parts  hamlled 
must  be  grasped  firmly,  and  pressed  on  both  sides,  so  that  the  direction 
of  pressure  may  not  suggest  the  posture.  The  patient  should  be  asked 
to  indicate  the  sensation  by  putting  the  limb  of  the  other  aide  into  the 
same  posture.  Several  observations  should  be  made  to  eliminat©  the 
chance  of  accidental  error. 

BfiFLEX  Action. — Many  symptoms  of  disease  of  the  nervous  system 
are  due  to  derangement  of  the  various  reflex  actions.  These  are 
numerous,  and  we  can  now  only  consider  their  general  characters. 
Each  action  is  effected  through  afferent  sensory  nerves,  efferent  motor 
nerves,  and  a  system  of  nerve-cell-processes,  and  intervening  sub- 
stances,— ^the  "reflex  centre."  The  centre  is  usuaUy  complex  and 
often  extensive,  and  in  it  are  paths  of  different  "resistance,"  deter- 
mining the  form  of  reflex  action  and  its  extent,  according  to  the 
source  and  intensity  of  the  sensoiy  impression.  The  reflex  centre 
is  between  the  roots  of  the  sensory  and  motor  nei-ves  concerned,  and 
with  them  it  constitutes  what  may  be  termed  a  "  reflex  arc,"  The 
sensoiy  impulse  may  not  only  excite  a  motor  process,  it  may  also  pass 
up  to  the  brain,  and  influence  consciousness  as  a  sensation.  It  is 
probable  that  the  two  effects  are  subserved  by  the  same  nerve-fibres,  so 
far  as  the  cutaneous  nerves  are  concerned,  but  some  fibres  from  the 
muscles  pass  up  the  cord  without  connection  with  the  spina!  centres. 
Further,  the  reflex  centre  of  the  spinal  cord  is  to  some  extent  under  the 
control  of  encephalic  centres — a  point  of  very  gre«t  importance. 

Two  forms  of  reflex  action  must  l>e  distinguished.  The  first  ii 
that  excited  chiefly  by  stimulation  of  the  nerves  of  the  skin ;  the  second 
is  produced  by  the  stimulation  of  deeper  nerves,  chiefly  those  of  the 
muscles,  in  the  manner  just  described.  This  form  is  c*iused,  among 
other  ways,  by  tapping  a  tendon,  and  therefore  was  at  first,  and  stQl  is 
sometimes,  called  "  tendon-reflex  action  " — an  imdesirable  name. 

Ctdaneou9  Reflex  Actum. — The  reflex  movements  obtained  from  the 
skin  are  excited  rather  by  a  gentle  stimulation,  as  a  touch,  than  by  a 
strong,  painful  impression.  They  consist  of  a  single  movement  in  most 
instances,  either  quick  or  slow,  but  often  complex,  and  extensive  m 
proportion  to  the  chaiucter  of  the  stimulation  effected,  the  nature  of 
the  central  mechanism,  and  the  state  of  the  centre.     Often  muscles  at 
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a  (lidtanco  are  influenced  bj  a  poweifnl  stiimilation,  either  irith  otbers 
r>r  alouo.  A  strong  impression  may  cause  a  reflex  action  so  wide  M  to 
involvo  uoft  of  the  muscles  of  the  bodj.  As  a  rule  a  painful  imprea- 
nion  fuiiiHos  quick  flexion  of  a  limb,  such  as  to  withdraw  it  from  the 
mi  I  HI  •,  <>£  the  pain.  Thus  a  prick  near  the  knee  causes  a  reflex  flexion  of 
tJio  hip.  In  other  cases,  where  withdrawal  is  impossible,  a  protectiye 
uiovmumt  results,  as  in  the  case  of  the  eyelids. 

'J'lin  Hli^htor  degrees  of  excitation  cause  a  contraction  in  the  musdea 
r'loHo  Ui  the  part  of  the  skin  that  is  stimulated,  the  impulse  passing,  in 
t.lio  Npiiuil  cord,  only  to  the  related  motor  centres.  This  limitation  of 
tlio  iiiixumn  renders  tbem  important  in  diagnosis,  especially  when  lost 
on  Olio  side  (see  the  chapter  on  the  functions  of  the  spinal 
<onl).  'J'lio  cutaneous  reflex  actions  may  be  excited  at  almost 
itiiy  jiart  of  the  skin,  but  at  some  parts  they  are  very  definite  in  cha- 
ni''i'<  r,  iLiul  ore  distinguished  by  special  names.  The  most  important 
.un  iliM  ••  plantar  reflex,"  from  the  sole;  the  "gluteal  reflex,"  a  contrac- 
tion 111  thn  gill  tons  when  the  skin  over  the  muscle  is  stimulated;  the 
"iJiMiiiaHUtr  n^iUix"  a  retraction  of  the  testicle  on  stimulation  of  the  skin 
oil  I  ho  iiiiMir  part  of  the  thigh;  the  "abdominal  reflex,"  in  the  muscles 
or  ( hn  alMjominul  wall  when  the  skin  over  the  side  of  the  abdomen  ia 
Hi.ioltoil  i  the  upper  part  of  this  reflex  is  a  very  definite  contraction  at 
Iho  iij.iKiistnum,  and  has  been  termed  the  "epigastric  reflex."  A 
bill  loH  of  r«il<»x  options  may  be  obtained  in  the  muscles  of  the  back, 
iho  hiKh<ist  being  in  the  muscles  of  the  scapula.  Others  have  been 
<luliMMiiiHhu4l  and  named,  but  this  process  may  easily  be  carried  too 
rai  Thowj  spinal  reflex  actions  vary  in  their  excitability  in  difEerent 
hull  V  III  Mil  U,  and  are  always  more  readily  produced  in  the  young  than 
ill  I  hi<  ohl.     'V\my  may  be  increased  or  abolished  by  disease. 

hi  Miu  n»glo»  of  the  cranial  nerves  the  most  important  reflexes  are 

IK. ..I'  Mm  170,  -(1)  the  conjunctival  reflex  ;    (2)  the  contraction  of 

H»..  |.it|.il  on  iUpoKuro  of  the  eye  to  light;  (3)  dilation  on  stimulation 
i.i  il.i.  .  Kill  of  tim  nock. 

\l  „  „  li  i'tjlvM    Aeiion;    "  Tendon-reflexesV^The   second   group    of 
|.l.v  uMiiiuiit  whii'h  tlopond   on  reflex  action  were  first  systematically 
..lu  1 1...  I  hv  IOil»  itiul  Wostphal  more  than  twenty  years  ago.    Attention 
,11,  .1  hi  Ihiiii  in  this  country  by  Grainger  Stewart  and  Buzzardin 
I  ..  .      1 1..  V  hiivo  niiu-n  hum  the  subject  of  a  vast  amount  of  study  and 
I.    ..     ...,»      \\\  ornnr  in  niuscles  that  are  in  a  state  of  slight  tension, 

....  I   ...   |.io.luiHHl  hy  a  HiichUm  increase  of  this  tension  or  by  some  other 

,  I.J,  u  (lui-h.iuuml  intluonco,  but  voluntary  contraction  superadded  to 

,. .    .»w  uui^iou.  iliminlMhoH  or  prevents  them.     They  are  distinguished 

u.i,,  («i  tlMi  iMMit,  and  vary  in  distinctness,  conspicuousness,  and 

.\       »  .,•   \\ii\\  wU'uth  thoy  are  produced  according  to  the  mechanical 

.  u«k><u .  id  ih\\  luum^loH  and  their  attachments. 

i\s     utal  \^i  tUvna  in  thti  jerk  of  the  leg  which  occurs  when  the 

■     i.k>  li  udi44  in  ta^l'iHl.    It  has  been  called  the  "knee<phenomenon" 
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by  Wesrtplml,  the  *' patellar  tendon- reflex  "  by  Erb,  tho  **  knee- jerk  " 
bj  mjself.  To  obtain  the  jerk,  the  knee  must  be  flexed  so  that  the 
quadriceps  femoris  is  gently  extended,  K  then  the  patellar  tendon  is 
Btnick,  the  quadriceps  contracts,  and  the  lower  leg  is  jerked  forward 
if  free  to  more.  The  blow  is  girea  over  the  space  above  the  tibia 
where  the  ttmdon  can  yield,  so  that  there  is  a  sudden  increase  in  the 
tension  of  the  muscle.  Tlie  mi^st  convenient  position  is  with  the  knee 
to  be  teated  flexed  nearly,  but  not  quite,  at  a  right  angle,  by  being 
placed  OTer  the  other  km^  as  the  person  sits  (Fig.  1).  But  if  the  leg 
to  be  tested  is  stout,  its  tension  in  this  position  may  be  too  great  to 


FtQ.  1.— Tjib  Kneb-jkuk. 
Tbe  di)tt?fl  line  in<lieutefl  tke  movetneat 
which  followi  the  blow  on  the  patell&r 
teudait. 


Fig,  2,— Tub  Kmsk-jehk. 
Method  of  ahttiminfj:  it  when  il 
in  not  tcfttlily  produceiJ  In  the 
oniltiarj  way. 


permit  of  any  moTement.  In  such  case  the  observer  may  place  his  arm 
beneath  the  patient's  thigh,  just  above  the  knee,  and  rest  his  hand  on 
the  patient's  other  knee  (Fig.  2).  Muscular  relaxation  is  sometimes 
more  readily  obtained  when  the  legs  hang  vertically  ;  or  the  foot  may 
rest  on  the  floor,  and  the  contraction  be  felt  by  the  hand  placed  on  the 
muscle ;  the  effect  of  the  recoi!  and  of  the  muscular  contraction  must 
then  be  carefully  distinguislietl.  If  the  U'lit  fingers  of  each  liand  are 
hooked  together,  the  hands  pulled  strongly,  and  the  eyes  closed,  the 
moTement  is  increased  in  degree^"  reinforcement,"  it  has  Ixvn  termed.* 
It  is  essential  that  the  flexors  also  should  be  free  from  voluntary  con- 
traction. This  contraction  may  i^e  ascertained  by  feeling  the  hamstring 
tendoni,  and  pressure  on  these  by  the  fingers  often  helps  to  secure  re- 
laxation. The  blow  may  be  given  by  the  side  of  the  hand,  a  percussion 
hammer  (Fig.  2),  or  a  stethoecope  with  an  india-rubber  edge  to  the 
ear-piece.  If  the  jerk  is  doubtful,  the  sMn  should  be  bared. 
*  A  tiiefal  device  sugge&tt^d  by  Jfutli-uaik. 
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The  same  contraction  may  he  obtained  by  other  modes  of 
Buddenly  increasing  the  traction  on  the  muscle,  especially  when  this 
excitability  is  abnormal  in  degree,  A  blow  on  the  tibia  may  be 
effective,  but  a  method  which  has  much  practical  convenience  ia 
this.  When  the  patient  is  lying  with  the  mueclea  relaxed,  the  patella 
is  displaced  downwards  by  a  finger  placed  across  its  upper  edge ;  a  tap 
on  the  finger  in  the  direction  of  pressure,  so  as  suddenly  to  increase 
the  tension,  excites  the  contraction  of  the  muscle  whenever  there  is 
even  slight  increased  excitability.  K  the  tension  ia  maintained  when 
the  excitability  is  much  greater  than  normal,  the  single  contraction  is 
immediately  succeeded  by  a  second,  and  this  by  a  third,  and  so  on^ — a 
eeries  of  quick  clonic  contractions,  or  "  clonus/'which  wiU  be  considered 
presently  in  more  detail  It  may  continue  as  long  as  tension  is  kept 
up,  but  instantly  ceases  when  the  muscle  ia  relaxed. 

Similar  contractions  can  be  obtained  by  similar  measures  m  many 
other  muscles.  That  in  the  muscles  of  the  calf,  which  causes  a  move- 
ment at  the  ankle-joint,  is  especially  important.  If  the  calf  muscles, 
which  are  connected  with  the  Achillea  tendon,  are  made  tense  by 
gently  pressing  up  the  foot,  and  this  tendon  is  tapped,  the  muscles 
contnujt,  causing  a  slight  extension  movement  of  the  foot ;  just  as  the 
muscles  of  the  thigh  contract  when  the  patellar  tendon  is  struck.  Tlia 
tendon  is  unsupported  just  as  is  the  patellar  tendon,  and  so  yields 
before  the  blow  increasing  suddenly  the  tension  on  the  muscles,  A 
tap  on  the  aide  of  the  tendon  is  equally  eiFective  ;  but  if  the  tendon  is 
so  firmly  supported  on  the  other  side  that  it  cannot  yield,  a  tap  which 
before  caused  the  contraction  will  not  do  so.  This  is  evidence  that  it 
is  not  the  mere  percussion  of  the  tendon,  but  the  increased  tension, 
which  constitutes  the  stimulation.  In  cases  in  which  the  excitabiHty  is 
excessive— just  as  sudden  tension  in  the  thigh  muscles  will  cause  a  con- 
\  traction,  followed  by  others  in  a 

continuous  series— so,  in  such 
cases,  if  the  calf -muscles,  which 
extend  the  ankle-joint,  are 
suddenly  put  on  the  stretch  by 
pressing  the  hand  against  the 
sole  of  the  foot  (Fig.  3),  the 
first  contraction  is  followed  by 
another,  and  they  recur  as  long 
as  the  tension  is  maiBtaincd. 
This  series  of  contractions, 
the  "foot-clonus"  or  *'ankle- 
olonus  *'  (or  "  foot-phenome- 
non"^ — Westphal),  ia  a  very 
important  symptom.  The 
movement  is  remarkably  uni- 
form under  the  same  conditions,  varying  from  six  to  nine  contractions 
per  second.    By  attaching  a  writing  point  to  the  foot,  and  making  it 
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trace  a  lino  on  a  revolving  cylinder  covered  with  blackened  paper, 
tracings  ma,j  be  obtained  (Fig.  4),  wliicii  are  almost  as  regular  as 


WMWAN'' 


Fiat  4— Tracino  op  ttib  Foot-ciosus  is  Pabipleoia, 
{The  tmciug  r«*(la  from  right  to  left.) 

those  of  a  tuning-fork.*  The  clonus  in  the  extensors  of  the  knee  has 
the  same  time,  and  the  two  are  of  the  same  nature.  A  clonus  quite 
similar  maj  sometimes  be  obt;iine<l  in  other  muscles— peronei,  flexor 
brevia  poUicis,  Similar  contractions  may  be  obtained  in  the  muscles 
of  the  arms.  NormaEy  those  most  distinct  are  (1)  in  the  biceps  and 
supinator  longus,  obtained  by  a  tap  at  the  wrist,  especially  on  tlie  radius, 
to  wliich  the  biceps  tendon  is  atta^^bed ;  and  (2)  in  the  triceps,  by  a  tap 
on  its  teodon  above  the  olecranon.  When  excessive,  and  there  is  persis- 
tent contraction  in  the  flexors  of  the  fingers,  a  similar  contraction  can  be 
obtained  in  them,  or  in  the  supinators,  and  even  a  clonus,  by  maintain- 
ing the  increased  tension.  With  the  increased  excitability  of  disease, 
a  contraction  can  easily  be  obtained  in  the  masseters  by  tipping  the 
chin  when  the  jaw  is  depressed,  and  a  clonus  may  occasionally  be 
produced  in  these  muscles,  and  even  in  the  trapezius. 

When  a  tendon  is  tapped,  and  its  muscle  contracts,  the  occurrence 
has  80  much  the  aspect  of  a  true  reflex  action  that  it  was  generally 
assumed  to  be  such,  the  stimulus  being  the  excitation  of  nerves  in  tlie 
tendon.  This  view  received  apparent  confirmation  by  the  discovery  of 
certain  facte.  (1)  That  there  are  nerves  in  tendon.  (2)  That  these 
phenomena  depend  for  their  occurrence  on  the  integrity  of  the  reflex 
path  to,  through,  and  from  the  spinal  cord,  and  are  arrested  by  a 
lesion  in  this  path.  By  experiments  on  animals  (in  whom  similar 
contractions  may  be  obtained)  it  has  been  found  that  they  are  pre- 
vented by  division  of  the  nerves  to  the  muscles,  by  division  of  either 
the  anterior  or  posterior  roots  of  the  spinal  nerves,  or  by  destruction 
of  the  spinal  cord.f 

These  experimental  facta  are  abundantly  confirmed  by  those  of 

•  Other  iiluBtmtioTiJi  w5U  be  found  in  tlie  writer's  pper  ('  Med.-Cbir.  Trans./ 
1879),  **The  ao-csillfd  T»?n«lori-r*'flex  Pbenointnu."  Slnett  then  trafiuga  buve  becu 
pabtisbed  by  Chtircot  and  m&nj  otiiert. 

f  See  Tgchirjewr,  'Arcliiv  fiir  P*ychmtrie,*  Bd.  viii,  Hpft  3,  1878,  and  mttiiy 
■nbsequetit  mvesttgrations,  among  which  fclio  most  important  art*  those  ol'  Walli-r 
(*  Journ.  of  Pbya./  1896)  «nd  Sherrington  ('  Proc.  E^iy,  Soc,/  1898).  They  do  not 
iDVoWe  practical  questioni,  «ueh  ai  to  make  their  deecription  needful  bere. 
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the  rMiiltiiig  oontraotioD  occurs  in  about  *038  sec.*  The 
for  ihe  knee-jerk  Bm  been  found  by  most  to  be  about  *04 
or  -OSS  or  *022  aec.f  Gotch  found  it  to  be  025  Bec^,  and  that  between 
Ite  tip  on  the  tendon  and  a  true  reflex  contraction  of  the  opposite 
to  be  '11  Bec.J 
H  is  certain  that  some  reflex  proce«R  ia  concerned  in  the  pheno- 
We  hare  Btill  to  account  for  the  irritability  which  permits  the 
lofittl  11111111109  to  cause  a  contraction.  This  irritability  is  developed  by 
faviTS  tension.  If  the  mui»i?le  is  rel&ied,  the  fibres  may  contract  if 
UMQr  mn  ftruck  directly,  just  as  do  the  fibres  of  a  separated  frog*s 
but  no  contraction  can  be  produced  by  striking  the  tendon. 
we  must  assume  that  the  tension  excites,  by  a  reflex  influence, 
of  irritability  to  local  mechanical  stimulation, — such  as  that  of 
s  tep  <m  the  muscle,  on  it«  tendon,  or  even  the  vibration  from  a  tap  on 
fkm  bone  or  on  atJjacent  parts.  But  only  that  form  of  mechanical 
Jlimilation  is  effective  which  suddenly  increases  the  previous  tension. 
II »  only  becAuse  the  tap  on  the  tendon  does  this  so  readily  that  the 
iQuiim  ia  the  means  by  which  the  contractions  are  most  easily  pro- 
^iiCtd,  and  through  which  they  have  been  chiefly  studied  and  pre- 
BMtarely  named.  If  the  tension  put  on  a  muscle  is  gentle  and  gradual, 
limj  only  develop  Oie  irritability,  and  an  additional  local  stimulation 
10  neoesauj  to  produce  a  visible  contraction.  If,  however,  the  tension 
it  iuddea  and  forcible,  it  not  only  develops  the  irritability,  but  pro- 
Tinble  oontradion  in  the  muscle  thus  rendered  irritable — ^as  in 
Of)  the  foot-clonus.  I  have  Bhown  that  the  relaxation  of  the 
aittsekv  between  the  successive  contractions,  is  not  comf)lete :  there 
it  peraiatent  readual  contraction,  i.  e.  a  tonic  contraction  on  which 
the  donie  oontractions  occur.  When  one  clonic  contraction  is  over,  the 
imtth/n  oootinuing.  a  eeeond  is  instantly  developed. 
Xfaa  production  of  the  clonus  seems  thus  to  depend  on  the  limited  dura- 
of  single  muscular  contractions  (such  as  are  obtained  by  a  single 
ion  shock§),  the  effect  of  sudden  tension  being  exerted  on  all 
Ibt  ijbrw  of  a  muscle  at  the  same  time.  In  the  state  of  excitability 
by  the  moderate  tension  its  effect  on  the  relaxing  fibres  is 


•  •  llf4  -Cbir,  Tr*n»./  187f>.  p,  202.     An  en^neoat  di»tinctioh  helween  ihf  iwttire 
IIm  kat*^j*^k  Anil  totit^clouui  wM  uvfttle  in  tliU  pufier. 

t^  Bciri  khardt;    033— '034  lec.  Tichtrjew  i   04  mc.  Bri««auil ;  •03— Oi 
W«tlfif{  *03  arc,,  Euleiibrrg.    Sume  of  mv  own  meaauriM rights  (' Mrtl.-Cliir. 
Tf^BM^*  1h79,  p.  175)  gave  *  lontfer  IntrrvrnJ  wln*n  the  itiorenitut  of  the  foi>t  was 
•  the  iiKtlr«ti'>n   of   tin*  ft>»nm*nci«p  conlmcttoii.     "Loud"  wUI  inpreuM* 
iVv  |*rTtrMl  nf  taicnt  tthniittitioii,  |ifi)lKilt)>  bv  eaiiatng^  the  liiiti«)  coQiiartiuii 
it»»-lf  «i  lh#  tlii^tu iiy  of  the  rou»cle,     Tlie  i»rft*ureiiieijU  givcii  abuve 
»btiiitird  by  f<«Hmltiifr  the  comtnenctug  contract  ion  of  ilic  mutcle. 
%  *  J«9'a.«f  Ptiji..*  1B*^.  vol.  %%,  p,  il22.     In  the  r»bbit  Kf  found  the  Intsrvftl 
ftar  III*  imdoa-oiMi  tract  ion  to  be  only  '(X)5  wc,  And  cotnpwe  this  ^Mh  Ti^vfvtedt*! 
of  the  int«nrft1  when  the  nrrvp  it  «tiiiin1»t^  COi  tee^  Mes  at  great), 
that  th<i  fOiitmction  ran  unlv  b««  direct. 
Sw  F«rt«i^*  *  Pbjrtioloiij.'  1888,  p«.  i,  1>  78. 
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t  niii".l     .. 

v.i^   ;i    ■  ■■ 

sim])lii'i:;. 
MllCO  cu  !'.■'■■  ' 
not    only    •^'"■ 
j.ln'ii'iiju.'nt.  '- 
tlio  .syiiijM  ■'■• 
ill    soino   (l<'t;{.' 
"obvious"  Tn:iy     . 
stiiinblin:::. 

(1)    The  con*'- 
teii'lon  iMid  nil   i" 
win 'II  tlu!  mnsfl*' 
llu'  It^mlon  can  iiv. 
ternlon  j»rofliio»»s  f- 
the    nkiu;  iu<looil. 
iiius<"le  is  tcnso.     1 ' 
iK'ts   on  its  musolr 
tension,  but  (as  w«'  1... 
anv  similar  sinMen  iui  i- 
wliic»h  the  ti'mlnn  in  ati. 
lias  the  same  effect  as  a 

When  there  is  cxtrest!- 
bono   is  effective  has  V 
] >oriost,eiim,  but  the  t.jp 
on   Ihe  muscle.     It  vw 
attached,  and  in  the 

The  evidence  is  c^nclu^i 
si  imulation  of  the  nen'cs 
muscle.  tJic  tendon  Wms 
produced.     If  so,  is  not  t!> 
sutrtrest^Hl  bv  two  of  tlio 
tbat  the  conti-action  ifl  }<^^ti\  i 
stimulus  on  the  whole  of  tb 
s|>erially  rxritable  by  tin-  r*-H* 
the  spinal  cord. 

A  rc>tiox  a«'ti«>n  tal%<*s  a  ccrt.i. 
to  travel  to  and  from  the  cor-t 
the  centre.     According  to  r«c<- 
U\Lst  one  tii'to*'nth  of  ft  second  ^ 
were  a  reth'X  ])rocesR,  and  TJither 
1  have  found  that  when  the  Ach 


'  "'    ^'^^^"'.vuli  each ^  pro^^^^  *^^^S^ 


"sef^a  of  muscles  are  especially 
:  :atfpe  were  reason  to  regard  each 
-*,t  X'  rtfcard  these  nerves  as  the  seat 
^  -t  unions  are  better  eipbined,  aad 
■*i-:wd.  t»y  the  assumption  that  the 
.  ^  ^r«cability« 
— '."  \jf!ii  ■•  tondon-reflex "  is  altogether 
""    "^  ^Avrding  to  the  explanation  above 
"^  ']*^i,  *  irritiibility,  which  has  nothing 
*^''^  jotttroction  is  reflex,  it  must  b^ 
*"     v^Bi  the  muscle-nerves,  not  froir^ 
^^  ^vttolusive  and  inevitable.     HeixG^ 
>i*e«l  term,  it  is  best  to  employ  ox:^ 
'-'  "  *  invrv  of  their  nature.     They  hixr^ 
'^'■"''*[j^^,mona,"  but  the  intervention. 
"***  -  jonluction ;  the  one  condition,  wl^.^ 
*«  wiwion  is  essential  for  their  og^^^ 
^^  be  termed  myotatic  contract-^^^ 
on  which  they  depend  is  d'\r^^^_ 
^^  action  which  depends  o' 
^^  3g  Tsohirjew  suggested,  tlx 
^^  ^^  « itfi*»Wlity  depends  is  identicsJ" 
*  ■-T**^j-jii»eot8  of  Heidenhainit  b«* 
<■■».  ""^^jMifT^"  ^^  tension,  and  is 

by  pinching  the 
ly  such  as  result:>i 
'^  petin-reflex  descri\>- 
►reflex  theory  (ancL 
iprehenslon  of  the  txr 
^        Chloroform  firsis* 
JB  ether  iiarcosis  (e3C<^ 


hu  a  similar  e£E< 
ffimply  augments 

^  fad  «d(t.,  IS81,  p.  2»— 
;«  ^bH»li«4,  Mottiinien  Vi*^*-  ' 
ki  on  K  muftcle-rertcx       " 
Tifohow't  Archivv* 

by  Qatch  MM  tH*^^s* 
U  lodMii  now  gei« 

,rd;  1B83,  ^  81;     ^ 


The  rcSSOTof  the&e  contractionB  to  the  netre-centres  will 
B  coBBidered  in  connection  with  these. 

J^mnuUmcat  Mu$eular  Coniraciion,—  ThiB  name  has  been  given  hj 
Test  j.ihal  t  to  a  slow  tonic  contraction  occurring  in  a  muscle  when  its 
tents  are  suddenly  brought  nearer  in  some  morbid  states.  It 
m  belt  seen  in  the  tibialis  anticiiB ;  if  the  foot  isgrasped*  and  passivelT 
taeed  on  the  leg,  the  tibialis  anticxis  contracts,  sometimes  after  an 
^ipnciAbk  interyal  i  its  tendon  stands  out,  and  the  contraction  keeps 
tLe  foot  flexed  for  a  time,  which  ma j  be  some  minutes  (in  one  case  for 
Iventy-seven) :  the  relaxation  is  slow.  Repetition  lessens  the  con- 
teiCtioiL  The  contraction  is  not  Tolmitary  (although  a  yoluntary 
oootnetion  nmj  umulate  it).  It  may  occur  on  one  side  onlj.  I'he 
produced  by  brief  f  aradism  may  be  similarly  prolonged  in 
A  similar  contraction  may  be  observed  in  the  extensors 
iht  toes,  sometimes  in  the  flexors  of  the  knee,  rarely  in  the  arm 
It  seems  to  be  an  excessive  manifestation  of  a  physiological 
bj  which  suddenly  diminished  tension  increases  as  increased 
'ns  the  activity  of  the  motor  centres.  Tension  stimulates  the 
aflerent  nerves,  and  the  relaxation  of  the  opponents  of  a  contracting 
IMrle  during  movement  seems  to  be  thus  produced,  as  is  made 
ptobable  by  the  absence  of  descent  of  the  upper  lid  in  palsy  of  the 
inferior  rectus.  J  Sherrington  has  shown  that  if  the  nerve  to  a  muscle 
ii  cut  and  its  central  end  stimulated  the  opponents  relax. §  Con- 
ire  can  understand  that  dinunished  tension  may  induce  over- 
It  seems  to  be  an  excess  of  the  contraction  by  which  a  muscle 
itself  to  passive  shortening  of  its  course.  In  the  cases  that  have 
presented  this  phenomenon  there  has  been  no  muscular  rigidity,  and 
HiO  great  excess  (even  sometimes  a  loss)  of  the  myotatic  irritability. 
It  mmj  occnr  in  the  early  stage  of  tabes,  and  in  some  other  afTections, 
Iml  tte  ngaificanco  is  not  known.  A  phenomenon  somewhat  similar 
oecitfi  in  hysteria  (Fi-ri^)  ;  it  seems,  indeed  but  an  isolated  and  imper- 
fect instance  of  the  condition  that,  when  uniTersal  and  perfect,  const  i* 
the  flext^nlitas  cerea  of  catalepsy,  i.  e.  an  unrestrained  «pinal  reflex 
in  the  centres  concerned  in  the  states  of  the  muscles. 


CvAVOKs  or  NtTTKiTiov. — The  nutrition  of  all  the  tissue  elements  is 
largely  under  the  influence  of  the  nervous  system.  Whether  this 
flifliitfluo  is  rxrrted  through  special  "  trophic  *'  nerves,  or  through 
ihm  moiUxtt  the  seDsory.  and  especially  through  the  vaso-motor  nerves, 
it  a  quflvtion  Uiat  has  been  much  discussed  in  the  past.  The  balance 
0i  ffridcDoe  is  against  the  existence  of  special  tjx^phic  nerves  or  centres. 
TIm  fiMt  rt^^arding  these  changes  that  is  clearest  and  most  important  is 


HbMcIl  (*  Proc  Roy.  Soe./  vol.  liii,  p,  430), 
t  •  Jlreh.  f.  P.ycli,/  Bd.  I.  p.  2ia. 
I  6<r  (bf  Author,  *  Mod-Cbir  Tram.,*  1879. 
I  'Brit-Me*!.  Jtmrn./  I8»3. 
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that  acute  disturbance  of  nutrition  is  the  result  of  imta,ti76  changes 
in  the  nutrition  of  the  nerrea,  and  is  in  proportion  to  the  intensity 
of  that  irritation.  If  a  thread  is  passed  through  each  sciatic  nerre, 
and  one  ia  also  irritated  bj  the  application,  from  time  to  time^  of  irritant 
liquids,  trophic  changes  occur  in  that  limb  with  greater  rapidity  and 
far  greater  intensity  than  in  the  other  (Lewaachew). 

The  same  fact  ia  frequently  indicated  by  the  extreme  readineia  with 
which  trophic  leaiona  of  the  skin,  and  even  cellular  tisane,  occur  in 
certain  forma  of  inflammation  of  the  spinal  cord,  especially  in  those 
that  have  a  strong  tendency  to  apread  in  the  cord,  and  to  the  nerves, 
if  they  reach  the  centres  of  them.  The  only  apparent  explanation 
of  the  varioua  facts  ia  that  the  nerve-endings  are  related  to  the 
tissues  in  auch  a  way  that  the  nutrition  of  the  molecules  of  the  tissues 
is  determined  in  its  character  by  that  of  the  nerves.  The  proceea  of 
irritation  descends  the  nerves ;  it  passes  from  them  to  the  tissues,  and 
ext-enda  to  all  that  are  in  continuity,  Thua  we  can  understand  equally 
the  acute  changes  in  the  muscles,  which  will  be  described  as  resulting 
from  diaeaae  of  the  motor  nerves,  and  also  those  in  the  skin  and  othei 
tissues  that  are  under  the  influence  of  the  sensory  fibres. 

Nnlritive  change*  in  the  akin  are  easily  recognised,  but  they  diffei 
mu<;h  in  their  character  according  to  their  acuteness.  When  they  are 
rapid,  and  due  to  very  acute  irritation  of  the  nerves  or  the  spinal  cord* 
auch  as  those  just  mentioned,  the  temperature  of  the  hmb  is  raised, 
the  vessels  readily  dilate,  and  remain  dilated  for  a  long  time,  bulliE 
form,  containing  a  dark-coloured  liquid,  and  slight  pressui-e  occasions  a 
elough.  These  changes  sometimes  seem  to  occur  spontaneoualy,  but  aj^ 
more  often  eicited  by  some  cutaneous  irritation,  and  very  slight  irri- 
tation of  the  skin  will  suffice  to  produce  them.  Trifling  pressure  wil' 
set  up  a  fllough,  and  extensive  vesication  may  result  from  the  applica- 
tion of  a  hot-water  bottle  that  is  not  more  than  pleasantly  warm  to  a 
healthy  hand.  When  the  nerve  irritation  ia  intense,  effusion  may 
occur  into  the  joints. 

In  the  case  of  the  fifth  nerve,  acute  trophic  changes  occur  in  the 
eyeball,  chiefly  when  the  disease  involves  the  Gasaerian  ganglion,  or 
the  nerve  in  front  of  it.  To  produce  the  same  effect,  a  leaion  behind 
the  ganglion  has  to  be  more  irritating  than  one  in  front  of  it,  and 
a  similar  relation  obtains  iji  the  case  of  the  spinal  nerves  and  the 
spinal  ganglia.  The  ceHs  of  the  ganglia  govern  the  nutrition  of 
their  processes  in  each  direction,  i.e.  of  the  whole  neuron,  and  we  can 
understand  that  they  have  some  power  of  hindering  the  propagation 
of  irritative  changes,  while,  if  these  invade  the  ganglion,  they  pass 
thence  with  special  energy.  Very  intense  changes  in  nutrition 
may  thus  pass  to  the  akin  in  acute  inflammation  of  the  apinal  cord. 

The  alterations  in  nutrition  in  chronic  lesions  (which  have  been 
carefidly  studied  by  Paget  and  Weir  Mit^-hoU)  differ  considerai>ly  from 
those  that  result  from  acute  irritation.  There  ia  a  alow  change  in  the 
nutrition  of  the  skin,  which  becomes  rod,  thin,  and  shiny — the  "  glossy 
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akrn**  of  Paget.  The  suboutaneoiis  tisBue  also  wastes,  so  tHat  the 
finger  tipa  become  pointed.  The  ^owth  of  the  hair  and  nails  is 
altered,  and  the  latter  become  brittle.  The  bones  maj  suffer  in  their 
nutrition,  and  may  break  more  easily  than  in  health.  If  the  leeion 
occurs  during  the  period  of  growth,  this  ia  retarded,*  These  changrea 
9eem  to  depend  on  slower  change  in  the  nutrition  and  Titality  of  the 
tiasne  elements  corresponding  to  a  slower  change  in  that  of  the  nerves, 
mi  atrophy  rather  than  a  degeneration.f 

The  muscles  suffer  from  lesions  of  the  motor  nerves;  the  minute 
duuiges  are  described  with  the  latter.  At  first  there  may  be  merely 
flabbineu,  and  an  appearance  of  waitiBg  that  is  not  contrmed  by 
naeaaurement,  but  there  is  soon  an  aotual  diminution  in  the  circum- 
feranoe  of  the  limb.  In  extreme  eaaes  all  the  muscular  tissxie  dis- 
a^>6ar8,  and  the  contour  of  tho  limb  is  considerably  chant^ed.  In 
oomparing  the  size  of  the  limbs  on  the  two  sides  it  should  be 
remembered  that  the  limbs  on  the  right  side  are  normally  some- 
what larger  than  those  on  the  left  side,  and  that  the  dijfereuco 
▼ajiea  acoording  to  the  occupation  of  the  individual,  and  the  degree 
in  which  this  involves  a  greater  use  of  the  limbs  on  one  side. 
In  measuring,  great  care  is  necessary  to  secure,  as  nearly  aa  pos- 
sible, the  same  conditions  on  each  side,  both  as  regards  the  state  of 
tJte  muscles  and  the  place  of  measurement.  It  is  best,  wherever 
possible,  to  take  the  maidmum  measurement  in  e-ach  p^irt,  rather  than 
to  attempt  to  make  tho  measurement  in  the  same  place.  In  the  calf 
tha  maximum  circumference  should  always  be  taken.  In  the  thigh 
aocorate  measurement  is  extremely  difficult,  because  a  maximum 
cannot  be  taken.  We  may  endeavour  to  measure  at  the  same  point 
in  the  thigh  at  the  same  distance  from  the  condyles,  but  it  is  very  diih* 
cult  to  be  exact,  and  a  more  accui-ate  comparison  cim  often  be  mad« 
by  taking  the  minimum  circumference  above  the  knee,  in  spite  of  the 
fact  that  the  muscular  tissue  there  is  small,  and  the  difference  less  than 
it  is  elsewhere.  In  the  forearm  the  best  result  is  obtained  by  taking 
the  maximum  measurement  around  the  muscular  prominence  below 
the  elbow,  over  the  supinator  longua.  In  the  upper  arm,  the  circum-^ 
ference  is  nearly  the  same  in  the  middle  third,  and  the  measure- 
ment may  be  made  halfway  with  Uttle  risk  of  error.  In  all  cases  cure 
must  be  taken  to  draw  the  t^ipe  equally  tight  at  each  place.  It  is 
easier  to  do  this  with  a  flexible  steel  measure  than  with  an  ordinary 
tape  measni^  Exactness  is  best  secured  by  having  a  spring  at  one 
extremity  of  the  tape  with  an  index  that  will  show  the  tension. 

Electrical  Ibhitabilitt.— The  nerves  and  muscles  are  excitable 
by  electricity,  and  the  excitability  is  changed  by  diseaj^e,  of  which  the 

*  But  the  iaHJr*ct  of  hmdmnoe  to  growth  ii  complex,  and  itill  not  clear.  Se« 
Ihe  ■ccttotit  of  intkntile  paralygia, 

t  Cf.  MArlnesco  on  degcn«ratiott  atid  atrophy  {**  La.  Theone  d^it  Kauroudt,'* 
•  PMiM  M^./  1805). 
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^jhaxige  M  often  an  importaat  ijmptoiii.  It  indicates  the  state  ct 
nixtrition  of  the  nerre-fibiee  and  mnBoles,  and  from  this  we  can  often 
draw  important  inferonoee  regarding  the  condition  of  the  centres. 

In  the  normal  state  nerre-fibree  aie  stimnlated  hy  either  the  induced 

or  th©  voltaic  cnrrent,  the  etimnlation  of  the  motor  nerres  being  shown 

by  contraction  in  the  mnsdes  supplied  by  them,  that  of  the  senBozr 

nerves   l^  the  sensation  that  is  caused.     The  contraction  of  t^ 

muflclo*  is  continuous  when  the  faradic  conent  is  applied,  but  if  the 

isolated  shocks  of  which  the  current  consists  are  separatelT  passed, 

esLch  causes  a  brief,  momentaiy  contraction.    When  the  voltaic  current 

is  applied,  contraction  occurs,  with  a  current  of  moderate  stieneth. 

only  when  the  strength  of  the  current  is  changed,  and  chiefly  when  the 

current  commences  or  ceases  to  pass,  i.  e.  when  the  circuit  is  "  made" 

or  "broken."    The  stimulation  of  the  sensoiy  nerves  is  greatest  at 

those  times,  but  occurs  also,  in  a  slighter  degree,  during  the  whole 

time  that  the  Toltaic  current  is  passing.    Hence  this   is  probably 

the  case  also  in  the  motor  neryes,  although  the  stimulation  is  too 

feeble  to  produce  a  contraction  in  health  with  a  strength  of  current 

that  can  be  borne.     In  proportion  as  the  nutrition  of  the  nerve-fibres 

is  impaired,  their  excitability  is  lowered,  and  a  stronger  current  of  each 

kind  is  required  to  excite  them  and  cause  contraction  in  the  muscles 

they  supply.    When  their  nutrition  is  much  impaired — i.  e,  when  the 

fibres  are  "  degenerated  " — no  contraction  can  be  obtained  even  with 

the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple,  because 
in  them  there  are  two  excitable  structures — ^the  terminal  branches  of 
the  nerves,  and  the  muscular  fibres  themselves.  Of  these  the  nerve- 
fibres  are  the  more  sensitive  to  faradism,  and  the  faradic  stimula- 
tion of  a  muscle,  under  normal  circumstances,  is  by  means  of  these 
motor  nerve-oudiugs.  Thus  we  fiud  that  its  excitability  corresponds  in 
dejjrree  to  that  of  the  motor  nerve  supplying  it.  The  muscular  fibres 
themselves  are,  even  in  the  normal  state,  less  sensitive  to  faradism 
than  the  nerve,  apparently  because  they  are  incapable  of  ready  response 
to  a  stimulus  so  very  short  in  duration  as  are  the  shocks  of  which  the 
f ar.idic  "  current "  consists.  The  proof  of  this  consists  in  the  fact  that 
under  the  influence  of  curara,  which  removes  the  excitability  of  the 
terminations  of  the  motor  nerves,  the  muscle  requires  a  stronger  faradic 
rurrent  to  stimulate  it  than  in  the  normal  state.  But  imder  the 
influence  of  curara,  or  when  the  nerve  is  degenerated,  the  slowly  inter- 
rupted voltaic  current  stimulates  the  muscle  as  readily  as  in  the  normal 
Htato ;  a  contraction  occurs  when  the  circuit  is  completed  or  broken — 
slower  than  that  which  occurs  when  the  nerve-fibres  are  intact,  and 
due  to  the  stimulation  of  the  protoplasm  of  the  muscular  fibres  them- 
selves. The  fact  that,  under  normal  circumstances,  the  contraction 
which  is  cau.sed  by  the  voltaic  current  is  as  quick  as  that  produced  by 
tlie  fanulio  shock,  is  ground  for  believing  that,  in  health,  the  voltaic  as 
wrll  as  the  faradic  current  causes  tlie  muscle  to  contract  by  exciting 
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tlie  motor  nerre-endiiigs.  When  the  motor  nerre  is  degeii*»ratecl,  and 
will  not  respond  to  faa-adic  or  voltaic  Btimiiiation,  the  applicatioa  of 
the  former  to  the  muscle  ceases  to  cause  contraction.  Apparently,  the 
nerve-degeneration  is  accompanied  by  chan^'cs  in  the  nutrition  of  the 
muscular  fibre,  hj  which  any  power  of  respouBe  to  foradism,  which  it 
poaaesaed  in  the  normal  state,  is  lost.  But  not  only  does  the  responeo 
to  the  voltaic  current  remain ;  it  becomes  more  ready  than  in  health, 
doubtless  in  consequence  of  nutritive  changes  just  mentioned,  More- 
OTer  there  may  often  be  observed  a  change  in  the  readiness  of  response 
to  the  two  poles  of  the  Toltaic  current — a  "  qualitatire  "  change,  as  it 
is  termed.  In  health,  the  first  contraction  to  occur,  on  gradually 
increasing  the  strength  of  the  current,  is  at  the  ne^jative  pole  when 
the  circuit  is  closed,  and  a  stronger  current  ia  required  before  closure- 
contraction  occurs  at  the  positive  pole.  But,  in  the  morbid  state  we 
are  considering,  closure-contraction  may  occur  at  the  positive  pole  as 
readily  as  at  the  negative,  or  even  more  readily, — and  contractions, 
when  the  circuit  is  broken,  occur  far  more  readily  than  in  the  normal 
state.  This  condition,  then — ^faradic  irritability  lost,  voltaic  irritability 
increased  and  often  changed  in  quality — is  termed  the  '*  degenerative 
reaction,"  because  it  occui's  when  the  nerve-fibres  are  degenemted ;  if 
we  test  ikem  we  shall  fijid  no  response  to  any  stimulus,  voltaic  or 
faradic.  It  thus  indicates  loss  of  excitability  in  the  motor  nerves 
within  the  muscles,  or  a  change  in  their  endings  on  the  fibres,  by 
which  these  cannot  be  excited,  either  by  electricity  or  by  nerve- impulses, 
in  the  fibres.  It  occurs  when  the  latter  has  been  produced  by  some 
tofzic  agent,  or  the  fibres  also  are  degenerated  in  consequence  of  their 
dam  age  between  the  mxiscle  and  the  ganglion  ceils  of  the  cord  of  which 
they  are  part,  or  destruction  of  the  cells. 

But  the  motor  nerve-cells  and  fibres  often  undergo  changes  in 
nutrition  of  a  much  more  chronic  character.  In  this  condition  the 
excital>ility  of  the  fibres  is  lessened  gradually  and  slowly.  The  irrita- 
bility of  the  intra- muscular  nerve- endings  is  lowered  in  the  same  degree 
as  that  of  the  nerve- trunks,  and  we  have  a  similar  diminution  to  both 
faradism  and  voltaism.  The  nutrition  of  the  muscular  fibres  is 
slowly,  gradually  impaired;  and  when  the  nerve-fibres  are  much 
affected  the  muscular  tibres  are  also  There  is  no  stage  in  which 
the  nerve-fibre  excitability  is  lost,  and  the  muscle-fibre  excitability 
retained ;  hence  there  is  no  condition  of  lust  faradic  and  increased 
volt&ic  excitability  such  as  characterises  the  degenerative  reaction 
just  described.  Excitability  is  changed  to  the  one  form  of  stimulus 
just  as  to  the  other. 

Between  these  two  forma  there  are  intermt^i.ite  conditions.  For 
instance,  the  nerves  may  present  normal  irritability,  while  in  the 
muscle  there  ia  often  increased  voltaic  excitability  and  a  changed 
order  of  polar  redaction.  In  these  cases  some  nerve-fibres  are  degene- 
rated, and  lead  to  the  increased  excitability  of  some  muscular  fibres. 
In  both  nerve  and  muscle  the  character  of  the  reaction  ia  manifested 
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by  Ul^nomiilMt^^^^^  structures  ;  h&ace  it  is  normal  m  th&  nerve  &od 
alt-ared  in  I&6  muack — this  hos  be©a  termed  by  Erb  the  **  middle  form 
of  d«g«liemiiv<»  roiUstiQii/'  It  is  more  accurate  to  call  it  tli#  *'  mixed 
form," 

Aiiuihoi'  ooramott  iiitormediate  form  ia  due  to  the  degenerfltiou  of 
tho  nerviw,  nJtbou^fh  aIqw,  being  lesa  slow  than  in  the  condition 
doBoribHl  Abovu*  Honoe  the  nutrition  of  the  muscular  tissue  and  its 
iix<5it(ibilitj  (by  voU^iism)  persist  longer  than  tkose  of  the  nerrcs,  and 
altlintj^fh  loworedt  are  diminishcMi  less  than  the  faradio  excitability  of 
thn  iHn'VMN  at  Oftob  ttto^,  Wtt<?a  the  ktter  ia  lost^  voltaism  will  Btill 
oaiiiK)  A  ■liffbt  ooiitra/jtiou  in  the  muBcles,  which  may  occur  firat  at  the 
iniodi^  iiiiil4itMl  of  tby  cathode.  Every  gradation,  moreorer,  ia  met  with 
b(itw»M'ii  ibi«  rtnd  the  true  reaction  of  dej^ene ration.  This  will  be 
liib^lli«il>lu  on  coimidwation.  It  depends  chiefly  on  the  rate  at  which 
thit  *it<r¥«'*  drK0ii<^rat4j. 

'|im  litwiijijd  i.tujitiibility  of  the  nerrea,  due  to  degeneration,  is  often 
pl'iti^Hilod  by  rt  uligHt  increase  of  irritability,  very  transient  when  the 
i|iiy[i^j*i»i'iilj*m  m  tt-cute,  of  longer  duration  when  the  deg<^neration  is  of 
lilin  «liiWor  vari'tty  j  n«t  nutioed.  In  some  morbid  states,  again,  in  which 
Mm  nl»Mi||if  tit  uiUnlion  in  the  cella  and  fibres  is  extremely  slight,  au 
llMMmiMit  itiay  Oilotui  ba  dincovered.  I  hare  found  such  an  increase,  fur 
lni»bM*i^is  in  illmviwyi  regarded  as  functional^  as  paralysis  agitans  and 
obi'H'x.  i4*id  M'  ii«  ^*^»  iuterestiagf  proof  of  the  maleeular  changes  which 
Uiiib>i'tlii«  nr  nmult  from,  su-caUed  **  functional"  maladies. 

'11 1  i  ri»i 'M^  ,  iiMifr'HH  ill  irri!;tbiHfjw(?m  formerly  thought  to  indicate 
Mut  tiiiNt44AMf  aad  Tarioui  anecuon,  of  separate  oentrea  for  the  nutai- 
I  iiiM  (if  tU«  nmrfii  And  muscles,  apart  from,  though  acting  through,  the 
(mi'Imi  Miirt^<t«0«Ul*  Bemembering  that  the  fibres  of  the  nerves  and 
iitH.4(i|(iM  Mlifft^r  in  different  degrees,  as  above  described,  the  phenomena 
im.i  iUl  \m  oxplained  on  the  simpler  principle  stated,  without  the 
a  ♦.4tMupli(t»  o(  ih«s«  special  centres,  of  the  existence  of  which  there  is, 
I  i I  •  1  nut  I .  MM  fi vi<i©ao«.  Special  trophic  nerves  and  centres  for  muscular 
Kui  1 1(  iM«  h«iV«  quietly  disappeared  from  physiology,  and  are  now  only 
iiMtlltuM  iif  lMU»r«sfc  to  the  student  of  its  history,  and  to  those  whose 
ui.iuM  u>4  r^iWAsb  further  than  two  decades. 

II.  u,  bi»w<iVttr,  important  to  remember  that  such  alterations  in 
MuhiiiKii  aw4  ent'ltH-bility  as  occur  in  the  whole  course  of  the  motor 
1 1 1.  Mi*  wlum  thtt  cells  ftre  affected  (of  which  they  are  the  prolonged 
ptu  .r.ttt<«i«)  w^ivy  Imve  a  different  origin  at  the  periphery.  They  are 
|li<^  <..vu4u  iu  ••  dejieuerative  peripheral  neuritis,"  which  begins  in  the 
<  It. KtiliuM  uf  the  dbrcH  (where  vital  resistance  is  least  in  consequence 
«.|  •liolivit^  frum  the  cell  body),  and  extend  for  a  variable  distance 
tti^vavdn.  Wwi  this  condition  is  seldom,  if  ever,  so  slow  as  to  permit 
I'Uu  vA^m\  lesi  ol  uerve  and  muscle  excitability  met  with  in  the  central 


MDSCLES  OF  UPPER  LIMB. 

TEE  MUSCLES:    TUEIR  ACTION  AND 
PARALYSIS. 


Disease  of  tlie  mot-or  nervous  eyatem  is  largely  manifostecl  by  loss 
of  muscular  action.  Individtia.1  muscles,  as  well  as  groups  of  muscles, 
aa^  often  separately  affected.  Henco  it  is  desirablo  to  consider  tlie 
gymptoma  of  the  paralysis  of  the  more  important  muscles,  before  we 
enter  on  the  study  of  special  diseases. 

The  symptom  of  the  palsy  of  any  muscle  is  a  loss  of  its  normal 
action,  and  a  knowledge  of  this  action  is  essential  for  the  comprehen- 
sion of  those  symptoms.  Tlie  two  must  therefore  be  considered 
together.  They  are  positive  and  negative  aspects  of  the  same  facts. 
It  may  be  well,  at  the  same  time,  to  mention  the  nerve  by  which  each 
muscle  is  supplied,  and  also  the  spinal  roots  from  which  the  fibres 
come.  These  cannot  be  ascertained  by  dissection.  Of  the  several 
roots  that  join  to  form  the  cord  of  tho  plexus  from  which  the  nerves 
to  two  muscles  come,  fibres  from  all  may  pass  into  one  nerve,  and 
from  only  one  or  two  of  the  roots  into  another.  The  facts  have  been 
learned  from  experiment  and  the  effects  of  disease  and  injury.  Their 
practical  importance  is  great. 

The  action  of  muscles  is  threefold.  (1)  By  their  tonic  contraction 
they  maintain  tho  parts  in  a  certain  posture,  independently  of  volim- 
tary  effort.  By  actual  contraction  they  (2)  produce  certain  move- 
ments, and  also  <  3;  oppose  the  action  of  other  muscles  by  a  feebler 
contraction,  and  thus  steady  the  movement  that  results. 

The  complex  way  in  which  muscles  act  together,  and  modify  each 
other's  effect,  renders  the  subject  a  very  large  one.  Here  only  an 
outline  can  be  given  of  the  more  salient  facts  concerning  the  most 
important  muscles.  The  reader  who  desires  to  pursue  the  subject 
further  can  do  so  in  the  *  Physiologic  des  Mouvements  *  of  Duchenne, 
whose  investigations  by  means  of  faradism  and  Ms  observations  on 
disease  were  so  careful  and  so  extensive  as  to  leave  little  but  confirmation 
to  subsequent  workers. 

In  the  following  account  the  nerve  that  gives  the  branch  to  the 
muscle  is  first  given,  and  then  the  number  of  the  nerve-root  or  roots— ^ 
(Cjervical,  (Djorsal,  or  (L)  ambar— f rom  which  the  nerve-fibres  come. 

Speoiax  Thobacig  Musclbs^ 

Tbe  DiirHRAOM  (C.  4  chiefly,  phrenw  nerveB),  althotigh  a  dnmble  ni««cl©  with 
^wo  nervM,  habitually  act*  as  a  whole,  the  two  halvea  contractTTi!^  simnltii-netmBly 
tiKl  diminishing  ench  lateral  cnrv«  of  the  arch.  The  central  tendon  descendii 
hut  lidle.  The  abdominal  viscera  aro  depressed,  and  the  parietes  protinded. 
If  the  liatid  Is  placed  beneath  the  ribi?,  the  deaizent  of  the  viscera  beneath  the 
diaphra«rni  can  he  felt.  When  the  diaphragm  contracts  alone,  as  when  the 
inti^rfristuls  are  paralysed,  or  the  phrenic  nerve  \a  faradised,  the  ribn  to  which 
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diange  it  often  an  important  ejmptom.  It  indicates  tJie  state  oft 
nutrition  of  the  nerve-fibres  and  muBcles,  and  from  this  we  can  often 
draw  important  inferences  regurding  tlie  condition  of  the  centres. 

In  the  normal  state  nerve-fibres  are  stimulated  bj  either  the  induced 
or  the  voltaic  current,  the  stimulation  of  the  motor  nerves  being  shown 
bj  contraction  in  the  musdea  supplied  by  them,  that  of  the  nensoiy 
nerves  by  the  sensation  that  is  caused.  The  contraction  of  the 
muscles  is  continuous  when  the  faradic  current  is  applied,  but  if  the 
isolated  shocks  of  which  the  current  consists  aje  separately  passed, 
each  causes  a  brief,  momentary  contraction.  When  the  voltaic  currenl 
is  applied,  oontraction  occurs,  with  a  current  of  moderate  stxengtli* 
only  when  the  strength  of  the  current  is  changed,  and  chiefly  when  the 
current  commences  or  ceases  to  pass,  i.  e.  when  the  circuit  is  "  made  " 
or  "broken."  The  stimulation  of  the  sensory  nerves  is  greatest  at 
those  timea,  but  occurs  also,  in  a  slighter  degree^  during  the  whole 
time  that  the  voltaic  current  is  passing.  Hence  this  is  probably 
the  case  also  in  the  motor  nerves,  although  the  stimulation  is  too 
feeble  to  produce  a  contraction  in  health  with  a  strength  of  current 
that  can  be  borne.  In  proportion  aa  the  nutrition  of  the  nerve-fibrei 
is  impaired^  their  excitability  is  lowered,  and  a  stronger  current  of  each 
kind  is  required  to  excite  them  and  cause  contraction  in  the  muscles 
they  supply.  When  their  nutrition  is  much  impaired — i.  e,  when  the 
fibres  are  **  degenerated  "—no  contraction  can  be  obtained  even  with 
the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple,  because 
in  them  there  are  two  excitable  s tract ures — the  terminal  branches  of 
the  nerves,  and  the  muscular  fibres  themselves.  Of  these  the  nerve- 
fibres  are  the  more  sensitive  to  faradism,  and  the  faradic  stunula- 
tion  of  a  muscle,  under  normal  circumstances,  is  by  means  of  theia 
motor  nerve-ending8.  Thus  we  fiud  that  its  excitability  corresponds  in 
degree  to  that  of  the  motor  nerve  supplying  it.  The  muscular  fibres 
themselves  are.  even  in  the  normal  state,  less  sensitive  to  fajadism 
than  the  nerve,  apparently  bt^cauac  they  are  incapable  of  r^idy  response 
to  a  stimulus  so  very  short  in  duration  as  are  the  shocks  of  which  the 
famdic  '*  current  '*  consists.  The  proof  of  this  consists  in  the  fact  that 
under  the  influence  of  curara,  which  removes  the  excitability  of  the 
terminations  of  the  motor  nerves,  the  muscle  requires  a  stronger  faradic 
current  to  stimulate  it  than  in  the  normal  state.  But  under  the 
influence  of  curara,  or  when  the  nerve  is  degenerated,  the  slowly  inter- 
rupted voltaic  current  stimulates  the  muscle  as  readily  as  in  the  normal 
state  J  ft  contraction  occurs  when  the  circuit  is  completed  or  broken — 
flower  than  that  which  occurs  when  the  nerve-fibres  are  intact,  and 
due  to  the  stimulation  of  the  protoplasm  of  the  muscular  fibres  them- 
seLves.  The  fact  that,  under  normal  circumstances,  the  contraction 
which  is  caused  by  the  voltaic  current  in  as  quick  as  that  produced  by 
the  laradic  shock,  is  ground  for  believing  that,  in  health,  the  voltaic  as 
well  as  the  faradic  current  causes  the  muscle  to  contract  by  exciting 
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ihe  motor  neire-endiiigs.  When  the  motor  nerve  is  degenerated »  aad 
win  not  respond  to  faradic  or  Toltaic  stimulation,  the  application  of 
the  former  to  the  muscle  oeases  to  cause  contraction.  Appareullj,  the 
nerve-degeneration  ia  aocompanied  by  chan^^es  in  the  nutrition  of  the 
moidilar  fibre,  by  which  any  power  of  response  to  faradism,  which  it 
ponaited  in  the  normal  statOp  ia  lost.  But  not  only  does  the  response 
to  thB  Tolt&ic  current  remain ;  it  becomes  more  ready  than  in  health, 
dotibtleaa  in  consequence  of  nutritive  changes  just  mentioned.  More* 
over  there  may  often  be  obserred  a  change  in  the  readiness  of  response 
to  ihe  two  poles  of  the  Toltaic  current — a  *'  qualitative  "  change,  as  it 
U  termed.  In  health,  the  first  contraction  to  occur,  on  gradually 
inctvung  the  strength  of  the  current,  is  at  the  negative  pole  when 
tbe  cinniit  is  closed,  and  a  stronger  current  is  required  before  closure- 
oontmction  occurs  at  the  positive  pole.  But,  in  the  morbid  state  we 
are  considering,  closure-contraction  may  occur  at  the  positive  pole  as 
readBy  as  at  the  negative,  or  even  more  readily, — ^and  contractions, 
the  circuit  is  broken,  occur  far  more  readily  than  in  the  normal 
This  condition,  then— faradic  irritability  lost,  voltaic  irritability 
and  often  changed  in  quality — is  termed  the  "  degenerative 
because  it  occurs  when  the  nerve-fibres  are  degenerated ;  if 
we  test  ikem  we  shall  find  no  response  to  any  stimulus,  voltaic  or 
faiudic.  It  thus  indicates  loss  of  excitability  in  the  motor  nerves 
wtthia  the  muscles,  or  a  change  in  their  endings  on  the  fibres,  by 
wtudi  these  cftimot  be  excited,  either  by  electricity  or  by  nerve-irapulscs, 
i&  the  fibres.  It  occurs  when  the  latter  has  been  produced  by  some 
tone  egent,  or  the  fibres  also  are  degenerated  in  consequence  of  their 
dttDAge  between  the  muscle  and  the  ganglion  cells  of  the  cord  of  which 
they  «ie  piirt,  or  destruction  of  the  cells. 

But  tbe  motor  nerve-cells  and  fibres  often  undergo  changes  in 
tjon  of  a  much  more  chronic  character.  In  this  condition  the 
d)ility  of  tbe  fibres  is  lessened  gradually  and  slowly.  The  irrita- 
btlily  of  the  intra- muscular  nerve-endings  is  lowered  in  the  same  degree 
Id  that  of  the  nerve- trunks,  and  we  have  a  similar  diminution  to  both 
fmndism  and  voltaism.  The  nutrition  of  the  muscular  fibres  is 
iknrly«  gradually  impaired;  and  when  the  nerve-fibres  are  much 
affeeted  tbe  muscular  tibres  are  also  There  is  no  stage  in  which 
the  nerre-fibre  excitability  is  lost,  and  the  muscle-fibre  excitability 
ralAtBed;  hence  there  is  no  condition  of  lost  faradic  and  increased 
en'itnbility  such  ae  characterises  the  degenerative  reaction 
jiist  dMcriU^d.  Excitability  is  changed  to  tbe  one  form  of  stimulus 
jiiil  «e  to  tbe  other. 

Between  these  two  forms  there  are  intermediate  conditions.  For 
the  nervee  may  present  normal  irritability,  wliile  in  the 
there  it  often  increased  vohaic  excitability  and  a  changed 
etder  of  polar  rnaction.  In  these  cases  some  nerve-fibres  are  degene* 
selcd,  tad  lead  to  the  increased  excitability  of  some  muscular  fibres, 
Ife  both  aerfe  and  muscle  the  chamcter  of  the  reaction  is  manifested 
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pom^  of  direct  nbduetton  by  the  conjoined  contraction  of  the  nntenor  and 
pottoitfr  pftrt«,  aided  bj  the  snpriupinatus, 

TIm  SapraiipinQtu*  (enpfftAOApnlar  nerre — C.  4  and  5)  a1)duct«  the  arm, 
flMves  it  forwards,  and  rotates  it  in.  Tt  thus  aids  the  d^dtoid.  Jiolated  pHra> 
Ijraitol  the  uupm^pinatoa  has  Uttle  influence  on  movement  or  position  ;  but  if 
tW  Mioid  ia  al«o  para1jsed»the  head  of  the  humerus  falls  airay  from  the 
—II niton  far  more  than  when  the  deltoid  ie  paraljaed  alone. 

Tk*  Jn/rafpinaiva  (snprascaptilar  nerve— C.  4  and  5)  rotatpa  the  humerna 
Mitw&tda,  and  in  paralysis  this  movement  is  lost.     A  difficulty  in  writing  is 
f»mdiicod«  tlis  tnovement  along  the  Hne  bein^  by  this  rotation  of  the  humerus. 
Th#  Tere$  minor  (circamflex  nerve— C.5)  haa  a  Bimitar  action  to  the  infra* 
inaina.  and  its  pal!*T  has  a  similar  efFfH't. 

[The  8uh»ctrpuiarit{»hGH  subsciipnUr  nerre,  from  the  fifth  snd  sixth  cervical) 
the  Hamertia  in,  and  its  paralj'sls  lessens  this  raovement, 
LaHuimuM  dorti  (Icnif  Btib«capular  nerve,  from  the  brachial  plerus* 
tffrior  I'orfl — C.  7)  lowers  the  raised  arm,  and  puts  it  hack;  the  upper  part 
Itict*  the  scvpnla.  the  loirer  deprexses  the  shoulder  by  acting?  on  the  huroemi^, 
it  tends  to  dni^jj  out  of  the  s*ocket.  It  inclines  the  tnink  a  little,  and 
mniielefl  together  extend  the  trunk.  In  pamlvsis*  forcible  bockward 
^pmsion  of  the  mined  arm  is  lost,  and  the  shoulder  cannot  be  put  back 
vithout  beinj?  also  niie!e<l  (hr  the  trapeaius)* 

The  P^cU>y4dU  major  (anterior  thomcic  nerves  frooi  the  hrachinl  pletns, 
and  inner  curds — C.  5,  6,  and  7)  consists  of  two  muscles,  the  jM'tion  of  the 
nlar  and  sternal  pnrts  hoinir  different.  The  claviculnr  (which  arises  also 
the  highest  part  of  the  s^ternnm),  if  the  arm  is  hanging,  bring*  tba 
•tioolder  forwards  and  upwards,  as  if  shivering;  if  the  arm  is  raised,  it  ia 
buMght  fcfvaida  and  lowered  to  the  horizontal  position.  The  mnscle  is  thua 
mnemm&dt  Dnohenne  eajs,  in  the  ''cut  "  of  the  swordsman  and  the  benediction 
of  the  pne*t.  The  sternal  portion  lowers  the  mised  arm  from  every  position, 
and  if  the  ^rm  is  hanging,  it  draws  the  shoulder  down,  Pamljals  of  the  upper 
p«ui  haa  little  effect  on  the  movement  of  the  arm,  because  the  anterior  fibree  of 
Umi  deltoid  have  the  same  action.  It  ia  e^ity  recognised  by  mnking  the  patient 
pat  his  anna  in  front  of  him  and  press  the  palms  together.  In  paralysis  of  the 
lower  partr  aven  with  the  latisximus,  the  raised  arm  can  atill  be  lowered  acca> 
imtel/  by  the  weight  of  the  arm  and  relaxation  of  the  elevators,  but  it  cannot 
lovared  againat  even  a  alight  resistance.  Thus  a  blacksmith  with  this  defect 
wieM  a  heary  hammer,  but  could  not  blow  the  beltowa  by  pulling  down- 
a  cord  (  Duchenne). 
'The  SWes  vuijor  (short  anhecapular  nerve  from  the  brachial  plexus 
cord—- C.  7)  approximatea  the  humerus  and  the  outer  edge  of  the 
by  bringing  the  former  to  the  side  of  the  trunk,  and  rotating  the  latter. 
TlitatvmlljineoQS  contrartion  of  the  levator  anguli  and  rhomboids,  fixing  the 
vumtr  aat*^le,  eausea  this  rotation  to  raise  the  prominence  of  the  shoulder. 
in  a  forcible  elevation  of  the  shoulder,  the  arm  is  presaed  against  the 
.the  lower  fibres  of  the  iRtitsiraus  and  pect^^ralis  major  aiding  the  adduction. 
lifiafluinot  alone  put  the  arm  behind  the  trunk.  In  paralysia.  the  eleva- 
of  the  ahonlder,  with  the  arm  against  the  tide,  is  lost, 

MOnno  TEH  Foaaaaif.— IVtceps  (mueculo-spiral  nerve — C.  6  and 
»Tha  long  haod  has  an  action  similar  to  the  teres,  but  feebler.  It  contracts 
vhoBllMiann  ia  foretbly  lowered^  and  prevents  the  displacement  downwards  of 
tkm  hood  of  th#  hnroercia  by  the  actual  depressors,  the  latissiojus  and  pectoralia, 
the  tlbow.  the  long  head  with  leas  force  than  the  othera^  but  its 
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action  on  th«  nhoalder-jqint,  jnat  mentioned,  is  important,  because  forcible 
depression  of  the  mteed  arm  k  often  asBociated  with  eiUnsion  of  the  elbow.  In 
paralysis  of  the  triceps  the  elbow^  t;aa  only  be  ejitended  bj  the  weight  of  the  fore- 
arm, and  i?xlension  ag^tn^t  gravitation  is  impossible.  Thus  a  man  with  pai^ljsis 
of  the  triceps  oannot  raite  his  hat  in  the  customary  manner*  Flexion  of  the 
elbow  i»  nneertainf  on  account  of  tlie  loss  of  the  antagt^nbtio  iteadyiug  force. 
The  BToehialu  aiUicm  (musculo  cutaneaus  and  mnscalo-spira)  nerves)  fiexe* 


Triceps  Clong  heaii) 
Triceps  (inner  head} 


Flex,  cupi  nJnar. 
Flex.  dig.  ptdfund. 

Flex.  dig.  snb.  (11  &  III) 

Flex,  digit.  Buh.  (I  &  IV} 

Uinarn, 

Palm  htev. 

Abd.  minim,  digit. 

Flex.  min.  uitr. 

Oppon,  niin,  ihj^, 

Ltuabficaltrs 


\  MrMan  ». 
Sapinstor  long. 
PnMiator  lei^ 
Flexor  carjil  rRdialii 

Flox.  digitoT  tab! in. 

Flexp  long,  polUcis 

AAdiicbor  polUcis 
Opponeus  poliicii 

Flex.  brer,  polltds 

Addactor  ftollicli 


Fig.  lO.^Motor  points  for  the  arm,  inner  side  (from  Erb).    The  points  at  which  the 
ninscles  and  nenres  can  most  effectively  be  stinmlated. 
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the  elboir  nmply.  Its  rare  isolated  palsy  has  little  efEect,  since  it  is  snpple- 
mtntedby  the  biceps  and  supinator  longos. 

The  Bieept  (xnuscnlo-cntaneons  nerve — C.  4,  6,  and  6)  snpinates  the  forearm 
if  it  IB  pronated,  and  then  flexes  the  elbow.  In  paralysis  the  flexion  can  still  be 
efEected,  but  the  traction  on  the  humerus  causes  pain  at  the  shoulder,  from  the 
loss  of  the  support  of  the  long  head  of  the  biceps. 

The  Supinator  Umgua  (musculo-spiral  nerve — C.  4  and  6)  places  the  forearm 
midway  between  pronation  and  supination,  and  then  flexes  the  elbow.  If  it  is 
paralysed  there  is  a  tendency  for  supination  to  accompany  flexion  (biceps) ;  and 
if  the  braohialis  anticus  is  also  paralysed,  the  elbow  can  only  be  flexed  when 
the  foreann  is  supinated. 

If  the  three  direct  flexors  of  the  elbow  are  paralysed,  feeble  flexion  is  still 
possible  by  the  extensors  of  the  wrist,  which  cross  the  elbow.joint,  but  only  after 
the  forearm  has  been  pronated  and  the  wrist  over-extended. 


Difltoid 
(posterior  lj»tf) 


Miue,-ipifal  n, 
BrNfihislis  ani 

Supiuator  longns 
Eztettfor  r&dlsi'  lonp, 
Ezteojor  radiitl  brev. 


Tricppi  (long  head) 


>  Tiicepa  (ouler  bead) 


Extenior  digk.  < ^ 

Extensor  liidid* 

Ext.  04*  met,  pol,  ^ 
Extensor  pr.  intern.  poL^ 


DorHl  interfmN^i  J 
(1  and  11)       t 


Eitcnsor  carpi  uln. 
Supiaat.  brev. 

Extun».  minim,  digiti 
ExteiiHur  indicis 

\  Extei)0.  long.  poll. 


A^iduet.  minim,  diuili 

}Dorsiil  interoBsei 
(III  and  IV) 


Fi0. 11. — Motor  points  for  the  airm,  outer  side  (Erb). 
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The  SupincUor  hrevU  (miiBculo-spiral  nerve  by  posterior  interoMeooi  brmnch— 
C.  5)  is  the  only  simple  supinator.  If  it  is  paralysed,  supination  CMi  ttill  be 
effected  by  the  biceps,  and  also  by  the  supinator  longus  as  far  as  midway  between 
pronation  and  supination. 

Protwtors.— Tlie  p.  teres  and  p.  guadratu$  (median  nerve— C.  6  and  7)  both 
pronate  strongly,  and  their  palsy  causes  loss  of  this  movement,  but  pronation  to 
the  mid-position  is  still  possible  by  the  supinator  longus. 

Muscles  moyiko  the  Kavd.— Flexors  of  Wriet. — ^The  F,  carpi  ulnorit 
(ulnar  nerve)  and  F.  carpi  radioMe  (median— C.  7  and  8)  flex  the  wrist;  The 
ulnar  flexor  tends  to  turn  the  snpinated  hand  still  more  out,  but  neither  moves 
the  wrist-joint  laterally.  Flexion  indeed  hinders  the  lateral  movements  of  the 
wrist,  in  consequence  of  the  shape  of  the  articular  surfaces.  The  f.  c  nlnaris 
flexes  the  fifth  metacarpal  bone  on  tlie  carpus  as  well  as  the  wrist* joint.  In 
paralysis,  flexion  of  the  wrist  can  only  be  effected  by  the  flexors  of  the  fingers 
when  these  are  extended.  Extension  of  the  wrist  is  unsteady  from  the  \om  of 
the  antergic  contraction  of  the  flexors  (see  p.  10). 

Extensors  of  Wrist — Extensor  carpi  radialis  brevis  et  longus  ;  E.  e.  ulnariM 
(musculo-spiral  nerve  and  its  posterior  interosseous  branch— C.  6  and  7).  The 
short  radial  is  a  direct  extensor ;  the  long  radial  and 
the  ulnar  move  the  hand  laterally  as  well.  In  para- 
lysis of  all  three  extensors  the  wrist  can  only  be 
extended  by  the  extensoi-s  of  the  fingers  when  the 
phalanges  are  flexed.  In  loss  of  the  short  radial, 
direct  extension  is  still  possible  by  the  long  radial  and 
nlnar,  and  lateral  extension  by  one  of  these  alone. 
If  either  is  paralysed,  together  with  the  short  radial, 
direct  extension  is  lost,  and  only  lateral  extension,  in 
the  direction  of  the  remaining  muscle,  is  possible. 
Paralysis  of  either  lateral  extensor,  long  radial  or 
ulnar,  leads  to  permanent  deviation  of  the  wrist  in 
the  direction  of  the  remaining  muscle   (Fig.    12). 

Fio.   12. Paralysis  of      ^^  1^"  ^^   ^^^®  ^^^^  radial  is  more    serious    than 

tlii>  Umg  radial  ex-  that  of  the  ulnar,  because  the  radial  lateral  move- 
ten»orof  the  wrist  ilia  j^^^t  is  of  more  importance,  being  needed  for  the 
delStioi/of'the  liaiui  convenient  motion  of  the  hand  to  the  mouth.  Para- 
towHrdM  the  ulnar  aide.  lyaia  of  the  extensor  impairs  flexion  of  the  fingera, 
(After  Duchenne.)  from  the  great  shortening  of  the  course  of  the  ten- 

dons by  the  flexion  of  the  wrist  that  ooours.  The 
ulnar  extensor  acts  also  synergically  with  the  extensor  of  the  metacarpal 
bone  of  the  thumb,  ns  may  be  noted  if  the  finger  is  placed  on  the  tendon  beneath 
the  styloid  process  of  the  ulna.  Hence,  in  pamlysis  of  this  extensor,  the  hand 
deviates  laterally  when  the  thuml)  is  strongly  extended. 

Extensors  of  the  Fingers. — Extensor  communis  digitorum ;  B.  indicts  ; 
E.  minimi  digiti  (musculo-spiral  nerve — C.  6  and  7).  The  common  extensor 
moves  the  fingers  and  then  the  wrist.  When  the  mnscle  is  faradised,  the 
extension  begins  at  the  distal  phalanges,  and  these  become  flexed  again,  when 
the  hand  is  extended  beyond  the  plane  of  the  forearm,  by  the  tonic  force  of  the 
flexors,  the  course  of  their  tendons  being  elongated  by  the  extension  of  the  wrist. 
Moreover  the  muscle  has  little  action  on  the  last  two  phalanges,  since  they 
cannot  he  extended  by  the  long  extensor,  if  theinterossei,  their  proper  extenton. 
arc  paralysed.  During  extension  by  the  communis  the  fingers  lie  Mpaimted 
from  the  second.    The  extensors  of  the  first  and  last  fingers  have  a  rimilar 
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ttMUNyrBction«  bnt«  tn  ftiidition«  they  uddact  their r»p«cti re  fin^eritowardi  the 
i\t  finger.  In  paralvBie.  the  extension  of  the  fingetis  \b  iinposBible  ;  bat  it 
'Hm  proxitnAl  phalnngeti  ure  pojiairely  eitended.the  ojtddle  and  diatal  joints  can 
Vi  tvtMidtd  bj  the  inierocaei*  For  the  latersl  moTementa  of  the  di{^it«,  cxten- 
«ion  of  the  pruiimal  phnlan^es  is  e8,<«entia1»  and  hence  thete  moTeDiontB  are 
lost,  but  thejf  can  be  performed  if  the  proximal  phalanges  are  pawiirely  extended. 
Tba  poature  of  the  fino^r«  due  to  conii^.-tion  of  the  p:ilinar  fascia  reaemblei 
that  in  psbj  of  the  long  extensor  (see  Fig.  13),  but  an  examination  of  the 
p«tm  shows  the  cause  of  the  flexion. 

Ft09or§  of  Fin^erM. — F,  MublimU  (median  nerve — all  fibres  C.  7  and  8) ;  F. 
fn^Wmdut  (meiiian  and  ulnar  nerves).  These  muscles  flex  chielly  the  second 
•Ad  third  phalangea,  the  fii*»t  phalanx  being  flexed  by  the  interossei.  The 
■ilptrficial  tnnscle  flexes  the  second  phalanx  on  the  firsts  the  deep  flexes  both. 
T1>#aetion  on  the  first  phalanx  is  confined  to  extreme  flexion  of  the  finger««  and  is 
tilt  Un,  the  more  the  wrist  is  flexed.  But  if  the  flexion  of  the  middle  nnd  distal 
frfialuigM  is  prerented  the  first  is  stron<<;iy  flexed.  In  extreme  shortening  of 
ihm  oamwB  of  the  tendons  by  flexion  of  the  wrist,  the  action  on  the  fingers  is 
r0t7  feeble,  aridence  of  a  normal  antergio  action  of  the  ext«nso»  of  the  wrist. 


Fie.  18 


Fie.  14, 


FtO.  13L — Postore  of  the  band  In  contraction  of  the  pnlmar  faseia,  resembling 
IImI  In  fttrsljvM  of  the  long  fxteitsor*  «>f  the  finger. 

FM.  14.— Panljtis  of  the  fibros  of  the  tlexor  snblimis  which  act  on  the  tviro 
■Udle  fllifpersi  twelve  yean*  dnrMtion.  Tli<?  weond  pha]*ing-<>*  of  the*e  fingers 
mn  bent  backwftrds  and  stibluxntrtJ  fron*  the  contracture  of  the  nnorpo*<«d 
Utrra»ic^«  wbile  the  lm»t  plmliing^cs  are  kept  In  position  by  the  unaffected 
flcsor  profmidBs.    (Afker  Dachenne.) 


te  «stniaor  of  th#  fingen  is  id  strong  acrtion,  extending  the  proximal 

tlie  notion  of  the  flexors  on  the  second  and  third  joints  is  very  strong 

(tearing  position).     In  paralysis  of  these  muscles  the  power  of  flexing  the  last 

lim^t  joints  fi  lost,  bnt  the  intenissei  still  flex  the  metocarpo-phalangeal  joints. 

is  of  the  deep  flexor  alone  causes  menely  lo«s  of  the  power  of  flexing 

diatnt  joint,  bat  this  impairs  many  movements,  such  as  playing  on  the 

iol     Ib  pajralysts  of  these  muscles,  the  nnoppoeed  tone  of  their  opponents, 

Iiil»niei>  which  extend  these  joints,  leads  in  time  to  over  extension,  and, 

wpwted  pnsaive  pressure  in  using  the  fingers,  may  even  produce  a  sub- 

lii»r1(  war«ia.     In  palsy  of  the  suhlimis  this  effi'ct  is  chiefly  seen  at  tbt 

jolat  (Pig.  14),  in  that  of  the  profundus  at  the  distal  joint. 

tmd  LmnlricaU*  (ulnar  nerve,  except  the  outer  two  lumbricalee, 
■npuli«d  bv  tiie  ritAdian^C.  S  anl  D.  IK— The  interossei  abduct  and 
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vidiK*!  IK«  iagtn,  bat  only  when  thete  are  ei tended  at  the  metamrpo- 
|kU<i!Ati«Mj  joiiil«»  Mid  iome  effort  ie  required  for  adduction,  since  the  tendenrj 
M  ilw  Umi^  •aWnaor  ia  to  aeparate  the  fingen,  and  thia  influenoe  haa  to  bo 
.»wuvMk«k  TK»/  ftUo  ottond  the  aeoond  and  third  phalanges  on  the  fiiat,  and 
<lvx  ih«  ilvsl  Oil  Ibo  VMtaoarpal  bones.  The  Inmbricales  aid  the  flezor-eztemtor 
^UsMi  «^  IK»  i»lor««oti,  but  do  not  move  the  fingers  laterally.  The  oppopito 
^  «i%m  vl  Iho  fMVorni  mnoolea  and  of  the  interoseeous  extensors  and  flezon  is  TSiy 
•  iuiK>i(t%Ht    TKoir ^yaorglo  action  steadies  movements,  and  in  many  avtions  they 

oaui^  %  alWviMlo(jr*  Thua  in  making  a  down-stroke- with  a  pen  or  pencil  tho 
\.u    ilv\vi*«  boMi  iWo  loot  two  joints;  while  in  making  an  np-itroke  these  are 

^^JiiovsU  adi  Ibt  MttMarpo-phalangeal  joint  is  flexed,  by  the  interaMeL  In 
.^.««I\i(«a  mI  |b«s»M«M)«o  the  latoral  movementR  are  lost,  but  a  slight  abduction 
«M.I  iUiiwIlM  «t  Ibo  Indoi  oon  still  be  effected  by  its  long  extensois.  Only  the 
LUHt.  iiha^q.  <MM  bo  oiloadod, and  flexion  is  almost  confined  to  the  last  two 
HJu^Kt^ilMk  tW  Mk  two  Inmbricales,  being  supplied  by  the  median  nervo, 
.>liva  -uLikft  vWii  iWo  olber  mvsoles  are  paralysed  by  an  injniy  to  the  ulnar 
■t  «^  mU  IWv  lUI  tbo  others  when  these  are  merely  weak;  hence  the  index 
vVi  ^tiMh  tn^Tf  tMM  to  noofir  before  the  others  (Fig.  16).    Tho  paaition  of 


l^li^ 


Fw.lfl. 


t  V     Ihfim^l  tituoiaiileic  psfslyiis  of  the  interossei  from  a  punetared 
,s  ^J^C»  Vfftvo  At  lbs  wrist  t  attempt  to  extend  fingers.    The  loss 


Imv^kv^C  bW  lnjil  l«^  uhslangss  is  chiefly  marked  in  the  third  and  fourth 
Vmmt  ulmfViirr  of  tUs  Inmbricales  (supplied  by  the  median)  on  the 

V\v    'a^^*KwjJik  luteroisai  (ulnar  nerve)  slight  in  degree  i  attitude 

.1  .»<(  \^  Sjgi^itttf  altorod*    Normally  there  is  slight  flexion  at  all  jointa 

<     ^    ^>  «s4  Ui^  mrmi4"L  ilit«»ruBsei  and  long  flexors.    In  paralysis  the  first 

^  >H  A  ^W^  ^*t*^  ^^*  metacarpal  bones,  while  the  other  phalanges  are 

'    lu  \WU  m*M^  *b*«  tbe  distal  (Fig,  16).    In  action  this  flexion  is 

>    ^^.tX  ili^  m^||y^(^r|H»«phalangeal  joints  become  over-extended,  and 

»,  '  >V^HK  ^\»t*4^'«  ******  ^^^^'  ^^^*    ^"^^al^J  the  hand  assumes  this 

' .  A  \l  »Va.i»  v*^***'  ^'l*^  "^  ultimately  the  posture  becomes  wai-ped  into 

V*^v  vU^  i»\*HxO^H«»l*'*  of  the  first  phalanges,  and  extreme  flexion  of 

'  Nw  W  ^  wlfci***^"*  *'  ^^*  ^^^^  extensor  and  of  the  flexors ;  the 

.'*  *x   HWfc^^  ^bk»»4  ***^  conspicuously  on  the  back  and  in  the  palm. 

,     V;^x\  M*^  *^''**'***^*  *^*  "  main  en  griffe  "  (Pigs.  19  and  20). 

'.V  \  **va^^**w*a  uM^y  ultimately  limit  even  passive  movement. 

"^  ^  aK  ^'HV^^    slW*»*or  teeundi  intemodti  poUicis  (musculo- 

,\./^^,^.,vj<   MtJm^Mmm  branch-C.  8  and  D.  1)    extends   both 

» •  *  ^^^\%.  *W  ^^wW  thumb  backwards  and  from  the  fingers,  so  as 

»  \N^><  ^  -iMft  *(l  tbo  wttacarpus.    It  may  ultimately  extend  tlie 

\  j^  V  \  ^x^^NtfMii'^    '^  *■  "***  ''■•^ '"  extending  the  thumb  when 
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this  18  opposed  to  the  fin*  finger.  In  paralyiie,  the  metacarpal  hone  of  the 
thumh  IB  slightly  flexed  on  the  carpus,  and  is  inclined  forwards.  The  second 
phalanx  is  flexed  on  the  first,  and  can  only  he  extended  (by  the  abductor  and 
outer  part  of  the  short  flexor)  when  the  metacarpal  bone  is  adducted  and  the 
fint  phalanx  is  flexed.  The  constant  flexion  of  the  second  phalanx  interferes 
with  the  movement  of  the  index  finger,  unless  the  patient  remembers  to  move 
the  thumb  out  of  the  way  by  the  extensor  of  the  metacarpal  bone.  Writing  is 
not  interfered  with  beoanae  the  muscle  is  not  ooiioeni«d  in  extension  with 
oppositioo. 


Pi«.l7 


Fio.  18. 


Fift.  10. 


Fxa.80. 


Fie.  17.— Attempt  to  unbutton  waistcoat  by  the  band  shown  in  the  Imt 
flgare ;  extreme  flexion  of  the  last  two  phalanges,  and  extension  of  the  fint»  on 
the  attempt  to  n»e  the  fingers.    (From  natare!) 

Fio.  18.— Oldttandtng  palsy  of  interoMei  and  thenar  muscles,  showing  the 
over-extension  of  the  firitt  and  flexion  of  the  last  two  phalanges. 

Fig.  19. — Paralysis  of  all  the  intrinsic  muscles  of  the  hand  and  of  the  long 
flexor  of  the  thnmb,  in  consfqnenee  of  an  injnry  to  the  brachial  plexus  in  dix- 
location  of  the  shoulder.  The  fingers  present  the  claw-like  attitude ;  the  thumb 
is  in  extension.     (After  Duehenne.) 

Fio.  20. —  Pnralynis  of  the  ulnar  nerre  from  a  wonnd  at  the  wrist  (indicated 
in  the  figure).  Extreme  rlaw-like  hand  from  the  unopposed  rontraction  of  the 
common  extensor  and  long  flexors  of  the  fingers  and  thumb.    (After  Duehenne.) 


The  Extensor  primi  iniemodii  poUieis  (musculo-spiral  nenre,  post-inteross. 
branch— C.  8  and  D.  1)  is  the  true  abductor  of  the  thumb.  It  moves  the 
metacarpal  bone  outwards,  and  extends  the  first  phalanx.  It  would  move  the 
whole  hand  in  the  ^ame  direction  as  the  thumb,  were  not  this  tendency  counter, 
acted  by  the  antergic  contraction  of  the  extensor  carpi  nlnaris  (q.  v.).  It  does 
not  pronate  or  supinate.  In  paralysis  abduction  of  the  metacarpal  bone  is  less 
than  normal.  There  is  an  undue  flexion  of  the  first  phalanx,  and  the  meta- 
carpal hone  is  flexed  on  the  carpus,  so  that  the  thumb  is  drawn  towards  the 
palm.  The  loss  of  this  muscle  is,  however,  compensated  to  a  considerable 
extent  by  other  muscles. 


44  ACTIOS  AND  PARALYSIS  OP  KUSOLBS. 

The  BxUmtor  ossi*  meiaearpi  poOieU  (miiKii1<v«pinl  nerv^  pogt-ititero*. 
brmoeh  -C.  8  and  D.  1)  ia  reallr  the  long  ahdactor  of  the  thumb.  It  mofei 
the  meta4arpal  bone  oniwardi  and  fonrarda,  flexing  it  on  the  carpna,  and  then 
flexes  the  wriat  with  efa'ght  pronation.  It  thna  moree  the  thumb  as  much 
fonraida  as  outwards.  In  paraltftis  the  metacarpal  bone  is,  at  rest,  l«a 
inclined  fonrarda  than  normal,  and  somewhat  abducted,  but  the  first  phalanx  is 
in  its  normal  poeition.     Movement  of  the  thumb  ia  but  little  interfered  with. 

In  combined  palsy  of  the  extensors  of  the  first  phalanx  and  of  the  metacarp«l 
bone  the  thamb  becomes  addncted.  and  is  parallel  to  the  ndius.  The  first 
phalanx  is  slightly  flexed  by  the  thenar  mnsclea. 

The  Theruir  mtueles  constitute  two  gronpe:   (1)  The  abort  abductor  and 
outer  portion  of  the  thort  flexor  (median  nerre-— O.  8  and  D.  1)  more  the 
TiK-Ucarpal  bone  forwards  and  inwards  (flexing  the  first  phalanx),  incline  it 
outwanls,  and  rotate  it  inwards,  so  aa  to  place  its  palmar  aspect  opposite  the 
fingeni.     The  second  phalanx  is  ultimately  extended.     If  the  metacarpal  bone 
is  previoosly  abdacted  the  movement  is  greater,  and  amounts  to  circumduction. 
{2)  The  adduelor  and  inner  part  of  thort  ftexar  (ulnar  nerve — 0. 8  and  D- 1) 
go  to  the  inner  side  of  the  first  phalanx.      The  metacarpal   bone  is  moved 
tuwards  that  of  the  second  finger :  if  previously  flexed,  it  is  extended ;  if  pv^ 
vIoukIj  opposed  to  the  index,  it  is  moved  a  little  outwarda.     The  phalanges 
fullnw  the  movements  of  the  metacarpal  bone,  but  the  first  ia  alightly  flexed 
and  the  second  is  extended,  as  the  fingers  are  by  the  interoeaei. 

The  Opponens  polliexM  (median  nerve — C.  8  and  D.  1)  flexes  tbe  metacarpal 
bone  on  the  carpus,  and  abducts  it,  but  this  movement  is  insufficient  to  oppose 
the  thumb  to  the  index ;  the  conjoint  action  of  the  abductor  is  necessary  (see 
above). 


Fio.21. 


Fio.  22. 


Fio.  23. 


'??^«>»rp„i  U  "a.  Uken  pUc«,from  the  gr«t.r  eoatnotion 
VAftcr  Ouchenue.) 
''''"■  Plexnr  J 
r;-'"'  >-»'=>'»nx  f.?l?,  Ponici,  (mcdmn  t,erve-C.  7  and  8  »d  D  1)  fl.xe.  th. 
'~"*-     1'  i«  .,sc..l  •   '**'y  "^nd  the  fi..t  fccWj.    It  Wnoaohon  on  the  inet«»rp.l 
«P  *  »niall  nl  •        '"  writ\n„  f     ,  »    V«  toward,  the  body)  and  in  picking 
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of  the  thamb  ia  bent  baok.    Other  moremeDte  of  the  thumb  are  not 
inierfirf^  with. 

li  »I1  the  thenar  xnnacles  are  pamljsed  the  metacarpal  bone  ia  in  the  plane  of 
lh#  Index,  and  drmim  toirarda  it  bj  the  extenaor  of  the  second  phalanx,  which 
awTCillw  mefausarpAl  bono  imvarda  and  backwards.  The  whole  thumb  cone- 
apqildi  with  the  metacarpal  bone  in  position,  the  phalanges  bein^  normal.  In 
fAfsljaia  of  the  vhort  abductor  and  flexor  the  second  pbaluiz  cannot  be  extended 
mileH  the  metai^ar^tal  bone  is  abducted.  These 
abort  mnaelea  normalljr  prereiit  the  abduction 
tliAt  the  extensor  of  the  second  phalanx  tendu 
to  prodoce*  The  Utt«r,  tnoreorer,  prevents 
add  action  when  the  specinl  ahductons 
pMmljaed,  but  brings  the  oiet»c«rpal  hone 
plane  of  the  index.  Thus  the  posture 
hand  at  rest  resemlilea  that  of  the  hand 
ap«  {Fi^,  21  and  22).  Jf  the  abductor 
ofiponena  are  paralysi^d,  the  tips  of  the 
%h  And  fingera  can  only  be  brought 
*r  hj  flexinj^  Ihr  \Ks^t  phaUngea  of  the 
digit*  (Fig.  24).  Then  the  thumb  can  be 
Veviifl^lit  into  oontait  with  the  finger  bj 
of  the  short  flexor,  which  inclines  the 
Kme  aufBdentlj  to  effect  this. 
not  enongh  for  the  tip  of  the  Hrst 
lo  touch  the  thumb  when  its  phalanges 
sr*  extended. 

If  the  abort  flexor  ii  paraljaed,  the  thumb 
MB  11111  be  opp-ised  to  the  fii«t  two   fingers 
Kf  tW  abductor,  but  it  cannot  be  opposed   to 
lh»  laat  two  fingers    on  account  of  the  defi- 
acal  lateral  tncltnation  of  the  thumb,  whlih 
be  produced  bj  this  muscle.     Writing 
by    means    of    the    abort    nhdnctorg 
U  this  ia  loat,  although  the  thumb 
W  oppoaad  to  each  of  the  fingera»  writing 
meb  interferad  with. 
ftD  the  thenar  muaclea  are  paralysed,  a  certain  amount  of  opposition  of  the 
fingera  it  atill  poesible,  by  means  of  the  flexion  of  the  last  phalftngea 
the  thamb  and  fingers.     If  all  are  paralysed  except  the  adductor,  objecta  can 
atall  b*  held  between  the  thumb  and  aide  of  the  imlm. 


Fio.  24.— Pamlyaii  of  the  ab- 
ductor brerif  and  opponens 
pol1iei«.  Fn»u»  the  want  of 
these  muiclas  the  tljurnb  can 
only  be  brnugltt  in  contMct 
with  the  tip  of  the  index  hj 
Rtrang  flejiiori  t'f  the  Init  two 
pliMlungti*  of  the  finger!!,  othor- 
wise  the  tip  of  the  thtiinb 
only  reache«  the  middle  of 
tliu  seconti  phalanx.  (Aft«r 
Dachcniie.) 


McsCLM  OF  Tin  LowBB  Limb. 

Mornio  THE  HiP-JOiKT. — The  Qluteua  maxi-mun  (inferior  gluteal 
•tttall  aciatio*  and  a  special  branch  from  sacral  plexus — L,  4  and  5,  S.  1) 
It  Um  hip-joint,  and  freely  rotates  the  thigh  outwards.  It  is  the  moat 
yuPllflil  Mt^nnor  of  the  hip<  and  it  is  chiefiy  used  when  a  fon-ible  extension 
ii  fHWiUKJ.  i^nd  the  joint  has  been  previously  flexed.  It  is  employ ed»  not 
flflbndiag',  or  to  walking  on  level  ground,  bat  in  going  npAtaiis,  or  npltill,  and 
m  tm9$  from  a  seat      When  it  is  paralysed  these  movements  are  diliicalt. 

Tbo  Gl»t^i^  wi^tuf  (gliiti'Ml  nerve— L.  4  a.nd  6,  S.  1)  ia  the  chief  abdnrtor. 
AU  parts  of  the  muscle  bare  thia  action,  bat  in  addition  the  anterior  third 
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moTii  tbe  thigh  foiwKrdj  Mid  fotatea  it  mwtird«,  while  the  poiterior  ibiid 
movet  It  backwai^s  atid  rotAtea  outwards.  The  iacce-Bsive  octian  of  the  iteTflnd 
parfal  i^Auen  aiTOuiDduottoa,  The  (7ltif#iu  n^ittimw  (glnted  nirve)  has  pro- 
hablj  the  «Ame  aotioo.    In  pamtj»is»  Ahdtictioa  and  oirtsiimdaotioii  are  lost  i  Id 


P«ctineu» 
Addnctor  mnj^. 
Addudor  long, 


Grureut 


Vaatui  intern 


I  Tena-T  viginii  femorif , 


Quiidrlce|>a. 
RecltiH.  femarin. 

Vnstofl  ©item. 


Fro*  25,— Motor  p«iuti  on  the  front  of  the  tblgb  (Brb). 


standing  on  the  other  foot  the  pelyie  ii  inclined  on  the  affected  nde,  and 
in  walking,  there  i»  an  oscillation  of  the  trunk,  which  beoomea  vwy  eon- 
sidarable  if  the  mnsoles  of  both  sides  are  affected.  Moreover  the  mioppoaed 
tone  of  the  ontward  rotators  produces  a  permanent  rotation  of  the  leg,  lo  that 
the  toes  are  directed  outwards,  and,  from  the  altered  position  of  the  foot,  the 
propulsion  of  the  body  in  walking  is  deficient. 

The  PyrifimnU,  Qemelli,  Obturator  internus,  and  Qmdrahu  fimn^rU 
(special  nerves  from  the  sacral  plexus,  but  from  L.  6)  all  rotate  the  thigh  out- 
wards, and  the  first-named  muscle,  in  addition,  carries  the  thigh  obliquelj 
backwards  and  outwards,  in  the  same  way  as  the  posterior  fibres  of  the  gluteua 
medius.  In  paralyws  of  these  muscles  external  rotation  is  impossible,  and  the 
unopposed  tone  of  the  internal  rotators  (anterior  fibres  of  the  gluteus  medint 
aii<1  minimus)  causes  the  leg  and  foot  to  be  hahitually  turned  inwards. 

The  Faow  (special  lumbar  "f  ^ve,  L.  2  and  3)  and  iWocus  (anterior  orutal 
nerve  L.  2  and  8)  flex  the  hip-jomt,  and.  in  doing  so,  cause  also  a  slight 
rotation  outwards.  In  pamly»w»  flexion  is  lost,  and  the  use  of  the  leg  in 
walking  beoomea  impossible.  ^ 

The  Ttntor  vagina  femorU  has  a  slight  power  of  flexing  the  hip,  and  at  the 
Maine  time  rotates  the  thigh   >«•     It  normally  countei-acts  the  tendency  of  the 
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!Iio-p«ioaa  to  rotate  outwai-de.  If  it  ia.  paraljsed^  there  ia  a  tendeticj  for  the  foot 
to  turn  out  when  it  in  heiiig  brought  forward  in  the  act  of  fvalking. 

Adduetorg  of  the  Thigh  (all  are  innervated  from  the  same  roots,  L,  2  and  3). 
■ — The  Peetineiu  (obturator  n«rve)  causes  an  oblique  movement  forwards  and 
inward*,  t.  e,  a  combined  flexion  ftud  adduetion,  as  in  crossing  the  le^.  It  rIbo 
rotate*  outwards.  The  Adducittr  longus,  B-nd  probably  the  Adductor  brevU 
(obturator  nerve),  have  the  same  action,  but  the  flexion  is  less  than  bj  the 
pectrneus.  The  Adductor  magnug  (obturator  and  great  sciatic)  caases  a  similar 
adduction,  but  while  its  upper  fibres  rotate  outwards  its  Inwer  fibres  rotate  in, 
and  are  employed  in  keeping  the  foot  straight  during  adduction  in  riding. 
This  ia  very  diffii-ult  if  these  fibres  are  paralped.  The  foot  then  turns  out 
when  the  hip  is  flexed,  either  in  the  recumbent  posture  or  in  walking,,  from  the 
prepondei-ance  of  rotation  out  by  the  other  adductors.  When  alt  the  adductors 
are  paralysed,  not  only  is  adduction  lost,  but  in  flexion  of  the  hip  the  foot  is 
moved  forwards  and  outwards,  instead  of  directly  forwards,  showing  that  there 
is  normally  a  synergic  action  of  the  abductors  and  adductors  with  the  flexors 
in  this  movement. 

Muscles  motino  the  KNEB.^^jrfetwwt ;  Mectut^  Fa**i,  and  Crureut, 
together  called  the  E.  qnadriceps  (ant.  crural  nerve,  L.  3  and  4). — The  va^ti  act 
solely  on  the  knee-juint;  the  rectus  also  aids  in  fleiing  the  hip,  but  chiefly 
when  the  knee  is  bent.  In  consequence  of  its  passage  over  the  hi  p.  joint,  more- 
over, the  force  with  which  it  extends  the  knee  is  inCTeased  by  the  simultaneous 
ei tension  of  the  hip.  This  effect  is  useful  in  the  propulsion  forwards  of  the 
body  in  walking.     The  crureua  ia  unimportant. 

In  paralysis  of  the  extensors  of  the  knee,  i^tanding  is  still  possible  if  the  knee 
is  extended,,  since  the  arrangement  of  the  articulation  renders  a  contraction  of 
the  extenftoi"a  unnecessary.  But  secondary  shortening  of  the  fleiurs  is  apt  to 
occur,  and  then  standing  becomes  iinposNilile  because  the  knee  cannot  be  pLnfcctly 
extended.  In  the  a.xme  way,  walking  h  possible  if  the  leg  ia  not  moved  forward 
beyond  the  veiiical  position  ;  if  it  is,  the  knee  becomes  fleied  by  the  weight  of 
the  leg  and  foot,  and  the  patient  falls  when  he  attempts  to  rest  upon  it. 
Rising  from  the  kneeling  pisture  in  the  ordinary  way  is  impaseiible.  In  partial 
paralysis  of  the  muscles,  as  in  psendo-hypeitrophic  paralysis  (q.  v,),  the  exten- 
•ion  of  tlie  knee,  in  risingj  is  facilitated  by  placing  the  hand  upon  it,  and 
so  bringing  the  centre  of  gmvity  of  the  body  near  the  fulcrum  of  the  lever 
formed  by  the  femur.  If  the  vastus  internus  and  rectus  are  ]>Qralii'seii,  the 
fiLntus  exteinus  may  dislocate  the  patella  by  the  ohliquity  of  iU  traction.  The 
'Tostus  internus  never  does  to  in  the  opposite  condition,  because  its  action  Is  less 
oblique* 

Fierort  of  the  Knee. — These  are  all  stjpplied  from  the  same  spinal  rootH, 
although  throu)?h  various  nerves— L.  4  and  6,  S.  1- — The  Sartoriua  (ant. 
crural  nerve)  flexes  the  hip-  and  knee-joints,  and  has  a  feeble  power  of 
rotatinjT  the  thigh  outwards  and  the  knee  inwards.  It  ia  a  muscle  of  imall 
importance. 

The  GraciliM  (obtarator  nerve)  adducts  the  thigh  more  powerfully  than  it 
ilexes  the  knee.     It  rotates  the  leg  inwaixls. 

The  Semiiendinoi^us,  Biceps,  and  SeinimemhranoauB  (great  ieiatio  nerve) 
are  not  only  flexors  of  the  knee  but  extensors  of  the  hip-j<iint,  and  are  the 
luuMclea  that  extend  the  hip  during  ordinary  walking,  the  gluteus  maxtmus 
(q.  ▼.)  being  called  into  action  only  during  special  efftjrts.  The  leg  is  rotated 
inwards  by  the  semitendincwii**,  outwards  by  the  biceps. 

lu  paralysis  of  the  flexors  the  resulting  loss  of  the  power  if  flexion  interferes 
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ACTION   AND   PAEALISIS   OF    MUSCLES* 


with  vrft11(ihg,  iinuA  ttie  ktiee-joltit  cannot  h&  bent,  tn  th«  forward  tDAf^meut  of 
the  le-j;,  utitil  tbc.^  tlil»^'!i  is  fleied  lufficientlj  to  permit  the  weight  of  the  foot  to 
flex  tlio  kiieft*  To  prevent  tbo  toea  striking  the  ground  the  foot  U  umlulj  fleied 
on  tho  Uff.  The  lo«  of  the  Biipport  that  the  flotor  teodous  give  to  the  knee* 
joint  ii'»cU  U)  ati  undue  atrain  on  tlie  li^ament«,  which  beeome  it»tobed»  and 
•lij<ht  ri'lmflof  loii  of  the  joint  maj  occur. 

In  fmrivlyii"  uf  tbo  mueoles  that  extend  the  hip,  there  i»  a  tendetiej  to  fall 
forwaniN  in  walking.  To  counter^^t  this  the  trunk  Is  carried  hackwardjj  and  & 
fatigulritf  itrain  on  the  fleiona  of  the  liip  results. 

In  jsfualjiiii  of  ihtt  biceps^  the  le^-,  during  fleijon,  ia  rotated  inwardi ;  when 
the  bii^ep  tmnain*  »nd  the  other  muBclefl  are  paraljaed,  thei-e  is  an  undue  rota- 
tion outward*.    The  effect  of  the»  abnormal  moveuiflntt  on  the  ligament*  of 


Tirrlaljaantkui 
Riitfiitor  digit 


|)uri4  Inlitraiiiii 


:Ext,  jioftltL  ». 


(wnatrocuem.  (otiter  bend). 
Feroneui  lo»i^iia. 


Soltfus, 


Flexor  bng.  pollicU, 


Extensor  brcT*  di^it. 
Abdttetor  miultn.  digits 


yi».  »«.— Hotbr  poinU  of  leg,  outer  side  (Erb), 


(ho  Joint  li  luoh  ihftti  afUr  a  time,  the  amount  of  rotation  becomes  greater  thait 
is  iHiNMlliltt  In  health. 

Thu  i*oplihu9  (Inttrnal  popliteal  nerve)  has  hut  a  feeble  power  of  flexing  the 
kuuu  1 U  ohUf  aotlon  it  to  rotate  the  leg  inwards  when  the  knee-joint  has  been 
\\v\kh\. 

Mv'sUkM  MOVIHt  tUM  Pool.— Jfo^tfrwors  of  Foot  on  Leg.*— The  OoBiro- 

ctM.  »um«  i^u4  thUm  (inUrna!  popliteal  branch  of  the  sciatic— L.  5  and  S.  1) 

-▼"  ^ — ___^_^— ^-^_^^-.^— 

a  'lUuMi  WUi^M  ara  lamstlmM  termed  "  plantar  flexors,"  becanie  thej  are  homo- 

lupous  wivl^  tl^  la^fN  af  tht  wrlsi    The  term  is  a  bad  one,  since  it  invoWes  a  use- 
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bftTe  the  same  aoHon.  Thej  extend  tbe  hinder  part  of  the  foot  and  draw  down 
the  outer  eide  of  the  forepart  of  the  foot,  hat  very  little  the  inner  side.  Henct 
the  foot  is  rotated,  so  that  the  doi-sum  looks  outwarda*  while  the  whole  foot  is 


Sciatic  n. 

Biceps  Ootig  head) 
Biceps  (short  head) 


Hxt.  poplit.  n. 
Qastrocnera.  (ext.  head) 

Soleus 
Flexor  long.  poll. 


Gluteus  maximus. 


Adductor  magnus. 

Seniitendinosus. 

SemimembraDosus. 


Int.  poplit,  M. 

GustrocDcm.  (int.  head). 
Soleus. 

Flexor  digit,  conim. 
Tibial  n. 


FlO.  27. — Motor  points,  back  of  tbigb  and  leg  (Erb). 

tamed  inwards  on  the  axis  of  the  leg.  The  pecaliar  invenion  and  addaotion 
that  thaa  aocoinpanies  extension  is  dae  to  the  form  of  the  artioalar  snrfaces. 
The  gastrocnemins  has  very  little  power  of  flexing  the  knee,  bat  the  extension 

of  tbe  word  "  flexor "  in  absolnte  contradiction  to  its  proper  signification.  We 
ought  not  to  frame  a  descriptive  term  such  as  this  on  an  analogy  which  involves  a 
contradiction  to  the  description.  Flexion  is  bending,  a  movement  from  a  straight 
line;  and  extension  it  less  bending,  a  movement  towards  a  straight  (stretched, 
extended)  line.  To  call  a  movement  toward  a  straight  line  "  flexion,"  because  in  tbe 
arm  the  similar  movement  produces  this  effect,  is  a  process  that  is  not  description, 
bat  the  statement  of  an  analogy— tbe  worst  possible  kind  of  nomenclature.  Names 
should  be  descriptive  or  they  should  be  arbitrary.  Neither  theory,  nor  analogy, 
nor  homology  should  have  any  part  in  them.  What  we  call  homology  is  merely  a 
species  of  analogy;  it  rests  on  inference  and  reasoning,  not  on  simple  absolute 
aspect.  Nothing  that  rests  on  reasoning  is  inherently  stable  and  free  from  change. 
VOL.  I.  4 
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im  bro«gbi  fonrmrd  fn  wAlkiog,  catiMi  ih«  foot  to  nUrh  AgEimt  th«  pronnd. 
Famlym  of  the  flexon  it  followed  bj  seoondary  oontnctaiv  ol  the  esteniora, 


Flo.  S9« — Tftl^pc*  tqumai*  do*  to  atrophj  of  the  tibmlU  «uticui  mid 
wmniUry  rontrActnre  of  tbA  calf  moitele*.  In  A  the  foot  ti  shown  at 
rMt:  tU«r«  IS  iHictiti  isqnino^TAraN.  In  B  It  It  ibown  dnring  flesioOj 
ftnd  the  ir«rnM  U  chftiig«d  to  VNlj^ui  bj  the  KOtion  of  the  perooeof 
Songai.  Not0  the  inorewed  extension  of  the  toe*  in  B  from  the  oom- 
peu»mU>rj  OTer-sctioo  of  the  long  esteniort  of  the  toei.  (After 
Oarbetine.) 

laltpM  eqninui  remlU  (Fi^.  29),  which  ia  the  greater  the  longer  the 
ei  lasted  (Fig.  90).    Ite  occmrreaoe  ia  facilitated,  in  manj  cMei  of  pa!aj» 


Fzo.ao. 


Fio.  ai. 


Fi«,  90L— ^itrene  talipes  eqamoi  from  old'StaodiDg  p«Iay  of  the  tibialis 
•■Uews  (tafanitle  parslysU)  and  extreme  eontzaction  of  the  calf  muscles*     Ko 
Movement  wsa  poMibie. 

I.  SL-i- Feral jiie  of  the  {nt«T0ss«i  and  the  tddootor  and  short  (texor  of  tlio 
ioc.  Tbs  ilfft  phalanut*  are  over- extended  and  the  second  are  flazMia 
ibe  hollow  of  the  sole  ts  increaeed.     (Aft#T  Duchvnne.) 

mtd  growth  of  the  bonee  of  the  teg.  eo  that  the  hall  of  the  foot  oalj 
loadiao  tbo grtmnd  when  the  foot  te  extended.  There  is  iisaallj  slight  rotation 
Iswiiide  of  the  foot  at  rest,  eren  when  the  tibialis  ia  paralysed  (see  Fig.  29,  a)» 
Ibaoaaao  neb  rotation  ia  produced  bjr  the  inral  extenaoni  (p.  42) ;  but  in  tbisetM 
Ika  etifiil  ^tl^ua  at  reat  ta  obaoged  to  vania  on  an  attempt  to  flex  the  aoVle 
(Tic.  max 
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The  Peroneus  hrevis  ( musculo- cutaneont  [peroneal]  branch  of  ext.  popliteal 
nerve — S.  1  and  2)  abducts  the  foot  and  rotates  it*  raising  the  outer  edge. 

The  Tibialis  posticus  (posterior  tibial  nerve  from  int.  pop. — L.  5  and  8. 1) 
addncts  the  foot  and  curves  it,  rendering  the  outer  border  and  instep  more 
convex.  Its  power  of  adduction  is  greater  than  that  of  the  tibialis  anticos,  an  J 
it  does  not  rotate  the  foot  in  the  same  manner. 

These  two  muscles  alone  have  the  power  of  adduoting  and  abducting  without 
flexing  or  extending ;  and  in  their  paralysis  these  simple  movements  are  lost.  If 
one  only  is  paralysed,  a  deformity  develops  corresponding  to  the  action  of  the 
other  muscle, — talipes  valgus  in  paralysis  of  the  tibialis  posticus ;  t.  varus  in 
that  of  the  peroneus  brevis. 

The  museleB  moving  the  toes  present,  in  their  mode  of  action,  a  cIoko  oorre* 
spondence  to  those  of  the  fingers. 

The  Extensor  longus  digitorwn  and  the  Extensor  longtu  poUicis  (anterior 
tibial  nerve— L.  5  and  S.  1)  extend  chiefly  the  firat  phalanges,  while  the  Flexor 
longus  digitorum  and  Flexor  brevis  (posterior  tibial  nerve — S.  1  and  2)  flex  the 
last  two  phalanges.  The  Lumbricales  and  the  Inierossei  (post  tibial  nerve 
by  ext.  and  int.  plantar — S.  1  and  2),  together  with  the  Abductor  and  FUxor 
brevis  minimi  digiti,  oppose  both  the  other  extensor  and  flexor  muscles,  flexing 
the  first  phalanx  and  extending  the  others.  This  action  is  of  great  importance 
in  walking,  since  they  give  the  last  propulsion  to  the  body  as  the  ball  of  the 
foot  leaves  the  ground.  The  Abductor,  Adductor,  tiud  FUxor  brevis  poUieis 
(plantar  nerves  from  post,  tibial — S.  1  and  2)  have  a  similar  action  on  the 
great  toe,  but  with  adduction  or  abduction  respectively.  The  interoaeei  also 
produce  a  lateral  movement  of  the  toes,  but  this  action  is  of  little  practical 
importance.  In  paralysis  of  the  common  extensor  of  the  toes,  and  of  the 
proper  extensor  of  the  great  toe,  the  tonic  force  of  the  interossei  and  analogous 
muscles  produces  pei*8istent  flexion  of  the  first  phalanges  and  extension  of  the 
others.  If  the  conditions  are  reversed,  and  the  latter  muscles  are  paralysed,  the 
first  phalanges  are  over-extended,  sometimes  even  subluxated,  and  the  two 
other  jointa  are  flexed,  so  that  a  claw-like  form  of  foot  is  the  result  (Figa.  31 
and  28).  The  final  propulsion  in  walking,  above  described,  ii  much  interfered 
with,  and  the  attempt  is  painful  because  the  ends  of  the  toes  are  turned  towards 
the  ground. 

Other  examples  of  the  effects  of  paralysis  of  the  muscles  of  the  ann 
and  leg  are  given  in  the  illustrations  to  the  chapter  on  Infantile 
Paralysis  (Acute  Polio-myelitis^, 
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THE  GENEBAL  CONSTirUTION  OP  THE  KERV0TJ8 

SYSTEM.* 

OuB  oonceptionfl  of  the  elementary  arrangement  of  the  nerous 
tfwtesD.  harre  been  changed  during  the  last  nine  years  by  important 
kisiol^gical  discoTeries,  which  clear  many  obscurities^  gire  new  signi- 
ficmee  to  facts  before  imperfectly  p>erceived,  and  involve  new  patho- 
logicaJ  oonci^ptions,  general  and  specia!.  Although  new  difficulties  have 
BM  they  must  do  at  each  step  forward,  numerous  facta,  which 
were  mysterious,  become  intelligible,  and  their  elucidation  con- 
•tttotfis  confirmation  of  the  truth  of  the  disooveriefl.  The  evidence 
IbM  beoi  received  aa  adequate  by  all  physiologists.  Pathologists 
Btiut  tbeiefore  aooept  them,  and  reconstruct  their  conceptions.  It  is 
•ocordinglj  necessary  to  give  an  outline  of  the  constitution  of  the 
ttrebro-spinal  nerrout  system  as  at  present  discerned,  even  of  that 
irUch  is  not  of  direct  present  application  bo  pathology,  but  which  may 
btflOOhe  so  and  is  essential  for  the  ].»eroeption  of  the  whole.  The  facts 
liAve  been  found  also  to  be  true  of  the  sympathetic  system.f 

Tbeae  disooverieB  are  the  result  of  a  method  of  metallic  staining, 
firwt  dervised  in  detail  by  Golgi  of  Pavia,  in  which  silver  is  reduced  in 
the  itniclures  that  have  been  impregnated  with  chromium  during 
buiifliuitg,  Bad  asnally  also  acted  on  by  osmic  acid.  It  diBplays  the 
•tructure  of  the  grey  niatter  with  a  distinctness  and  in  a 
that  reveal  facts  before  altogether  unseen. 
Almost  the  first  definite  steps  were  the  results  obtained  in  the  Inver- 
by  Nansen,  before  he  turned  his  face  from  polar  cells  to  Polar 
Bat  the  first  important  disclosures,  which  involved  the  radical 
in  conct'ption,  were  due  to  Ramon  y  Cajal  of  Barcelona  J  and  to 
^0  Tetesan  v.  Kulliker,§  supplemented  and  diffused  by  Waldeyer.|| 
fiiiMse  1890  there  has  been  incessant  work  at  the  subject,  and  y  Cajal 
bas  pnaented  to  us  the  chief  facts  that  had  then  been  ascertained,  in 
the  Crooman  Lecture  to  the  Boyal  Society  in  1895* 

All  nerve- fibres  are  prolonged  processes  of  nerve-cells.  They  consist 
,  axis,  with  a  *'  medullary  sheath  **  around  it  when  the  course  is 
cither  within  or  outside  the  central  organs.    Most  oeUs  have  but 

•  T1i«  loterpolfttJon  of  tbb  aect^ant  of  th«  r»oeat  Mvoltttion  in  fniidaintiital 
ilfMontt  of  oar  knowledge,  tiltlioagb  not  quite  coii«ist«iit  with  tKe  pliin  of  the  IxMik, 
wai«  %hm  Bcwt  conrpni<>Tit>  way  of  preMiiting  the  facts  to  the  reader.  They  put 
Wlsw.  sod  riM  «b<yretth«  tntt^e  of  pmci'ivn}  koowledj^e  which  can  be  nsed  in  common 
««rk«s*d  tet  are  ehatif^tng  onr  phy^fott^gtriil  &nd  ptttholo^oil  oOnc<'ptioui  in  k  nuuiner 
nUMt  tM  iwle<|itat4!ly  reeo^ited,  although  much  of  thetr  effort  is 


t  f .  IC5Hik«r«  -  in.tol.  Mitil^eiK/'  •  Wunbfirg.  SUEungt,b.,'  No?.  23ni,  1889. 
«  PnrvkHialj.  *  Latflrnat.  Mou^aichr.  f.  Auat./  1890,  Bd.  tU. 

I  <  Bidta,  m^.  Woehenteht.;  1891,  No.  28. 
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^K^lnllal^t  |:tn>i'4^«9.  krger  than  tlie  other  a ;  some  have  two. 
TUi*  <*i^i4^  ii|iiiiMiiiM<i  *k>^  fthort;  the/  soon  diTiiie  and  branch  within 
llbtt  iififlf  ml^lftiH*  I   ^^  loa^  meduilated  proceasea  algo  at  last  end 

tte  tOWmyti^  temtrif  hcJd  may  be  thus  stated.  Of  the  ultima^t^ 
tlh^ihtfci  ot  IIm  tlMUrl^  qiiiolcl,r'bmDchiiig  processes  in  the  grey  matter, 
iiM«A^  W>  l»^^*  IhiHiijhi  to  join  the  terminationa  of  similar  prcKiesses 
hvm.  *>^hm  iirlli^  «4il»r  umghbouriug  cells  in  the  grey  matter,  or  the 
^ni^tldi  lifMtlltlM  iC  BMdiilkted  nerve-fibres,  processes  of  ceUs  far 
aw^y  Vl^^  rf  ^  motor  oeUs  of  the  spinal  cord,  some  of  the 
yi^kHMM^  Mftluit  tadrwmrdB.  were  believed  to  join  thoB«  of  sensory 
^i«  IM  \^  %%^^^i^  oamutt»  of  which  the  meduilated  process  was  a 
l|t«i^  ^  llw  IMttMtot  iw:>^  ^°  oonstitiiBiit  elements  of  the  nerroui 
^k«Wu^  tt^ijll  PlWitfl,  fc(y  branch  tmion.  one  continuous  complex  net- 
*>nk  »<iil  m!^h^  ^*T  *^**'  n^irre-impulBes,  due  to  union  and  continuitj 
ul  t**^  Vyt||#h^'***"'**  '^*^'**  paths  in  actual  nse  were  determined  not 
ijyub  Vii*  Vmk  ilfct*****  ^**^^  *'*'^  ^^  differences  in  "resistance**  among 
Itliial  llitA  tiUfcttHttitjr  provided.  The  "resistance,"  which  thus  per- 
ttUlllld  tt  MjiMillt  Impulse  to  spread  more  widely  than  a  slighter 
IWfc^s  «Nyi  TUkA  t*  d«K»^^  ^y  functional  activity ;  it  was  diminished 
kh  ^k^  twwHltfhW  ^  ^^1'*  same  activity,  and  it  was  also  varied  myste- 
Mi^SHls  K^  k^^iwt  M0i'Vi«-bni>uI»»eB  from  varioxis  sources  It  might  thua 
\m  K^^AWMA  •»•■*****  inhibit*'  action.  In  so  far  as  any  attempt 
IMM  Vrtdll  lil  «WWrtW  tt«  •««'*'  ^*  ^^  thought  of  as  m  the  cells,  or  in 
^^  (VH^^  ^  '^r  iHilMmr  FiW»««a  in  the  grey  substance,  called  '*  spongy," 

II ^,^^1^  ^. .  I  I  ifJii  is  retained.     But  the  more  the  methods  of 

,  ,,  I     .  V  r  ^  f  lui  tual  tmion  of  the  branches  of  cell-prooeaaes 

v.i^^.^,,  .    ,     I  ' .  I  I    1  n M i ( T  the  microscope.    The  development  of  the 

WW  v*l   H*t^i»Ht  ^^fer"*'**'  *»*»iw'^'^'^llj  metallic,  has  increased  the  power  of 

Jln^.iUum^*^  '^^      \  'M*t*(v  of  aspect  can  be  thus  produced  in  structural 
I'lUMuN   ^'  '^    '•  '*'     "''*'   indistinguishable.      By  the  use  of  such 
Ui*'MiM.U,  '  ^^'*X  ^'**"'^  ^*  <^olgi,  the  branches  of  the  processe-s 

iiwi  iiltiku*  '  "  i^i'^'"lv  traced,  and  they  have  been  found  not  to 

\\\\\U\  'K\^  IW^  rtltWnotiy  seen  to  end  in  the  structural  material  in 
y^  l«i.  U  l-Uv  mM^y|i'w4li  liOi  iometimes  by  an  enlarged  knob-like  extremity, 
MMUi.  limvx*  \^  %  |4t4«t.  Often  the  brajiches  cross  and  even  interkce, 
yy  iili  (Uo  *vHM\i\*^WiH>  ^t  union,  but  dose  observation  shows  that  it  is  a 
i..  lui.l.uuvu  m\^'  PUoontinuity  is  found  to  be  the  general  rule. 
\\  l».  il»oi  iuvi^i'UW©  or  not  is  still  imdecided;  it  is  most  difficult  to 
(U>  lu.io  uwiMM  iw  the  dense  felt  of  fibrils  which  the  branching  processes 
luitu  Ul  *uiue  IM^vtu.  th«  "  neuro-pilema  "  of  His,  and,  moreover,  the 
t^.  11.  till  rub  of  free  endings  is  compatible  with   occasional  actual 


UtUnti 


« 


\i\M\i\  this  tt  follows  that  the  ••nervous  system "  consists  of  discon- 
•  iU.  IAim4wi<  « AfSU,  4»  BloU'  1892 1  Fritsoh,  'Brit.  Amoc.  Report.'  1898. 
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tinuous  elements,  ea<"h  &  cell-bodj  with  its  processes,  long  and  short. 
For  these  elements  the  name  "  neuron,*'  proposed  by  Waldeyer,*  lias 
been  all  but  uniTerKillj  adopted ;  for  diatinctiveness,  ita  plural  is 
formed  aocording  to  the  liying^  kunguage,  and  not  the  classical  form— 
in  English  it  is  "  neurons,"  in  German,  *'  neuronen,"  in  French, 
"  neurones."  The  chief  process,  the  medullated.  or  axia-eylinder  prooeaa. 
is  called  the  "  axon."  or  *'  axis- process/ 't  The  branching  processea  in 
the  grey  matt-er  are  termed  the  "  dendrons,"  the  branches  of  these 
"dpndritea.*'! 

From  the  axons  there  often  spring  fine  fibres,  which  pass  off  at 
right  angles,  termed  "  collaterals  '*  by  Ramon  y  Gajal,  the  relations  of 
which  are  imperfectty  known.  They  have  be^jn  seen  to  end  by  a  T-like 
division  and  ultimate  branching* 


I 


The  definite  and  extended  diacemment  of  another  fact  deepens  the 
importanoe  and  application  of  that  just  described. 

Thirty  years  ago  §  Max  Schultze  discovered  and  depicted  the 
fact  that  the  axis-cylinder  la  compound  and  not  simple,  that  it 
oonsista  of  a  large  number  of  fibrils, — "  primiti7e  fibrils/*  he  termed 
them^  He  pointed  out  that  they  could  be  tracsed  throughout  the 
fibre,  separated  by  a  finely  granular  substance.  They  could  be  well 
seen  where  the  axis-cylinder  widens  in  joining  the  nerTe-cell»  that 
hf  where  the  cell  narrows  into  its  chief  process.  Others  could  not 
aee  the  significant  striation,  among  them  Eanvier,  whose  work  domi- 
nated science  throughout  the  next  fifteen  years, ||  and  the  fact  was 
practically  ignored.  The  axis-cylinder  was  regarded  as  simple  and 
integral,  until  recent  methods  have  enabled  the  clear  establishment  of 
the  correctness  of  Max  Schultze's  observations.  The  number  of 
fibrils  that  constitute  an  axis-cylinder  is  confliderable.  Obersteiner 
has  found  that  there  are  about  fiity  in  an  axis-cylinder  of  the  sciatio 
nerve  of  the  frog.TT 

•  Loc.cit 

t  Beoikiue  the  *♦  amn  "  Is  tlie  MpAmti)  "  nenre,"  when  one  cxUti,  an  nttfitnpt 
bM  b^o  mtnle  to  noftke  current  the  &««  of  "  tteuroi*  "  tor  thii  iilan«.  But,  etyni(H> 
logiiiil  cOTi»i-t«ncj  has  little  tnOaence  on  tb«  vitality  of  namoi.  The  me  of 
**  neuron  "  for  the  vrbole  element  hue  become  to  gcnernl  th»tt  rcAistiincB  to  itii  fntlle. 
Moreorer^  the  conception  attached  to  It  in  um  is  ttlre«dj  definitely  dethched  f ro»M 
iU  etjDiolog^r.     Lasttj,  dtlaough  the  cell -body  and  its  proceases   are  one,  to  have 

ly  the  word  "cell*'  for  the  whole  element,  a  word  that  will  atill,  inevitably,  ha 

plied  ti  the  cell -body,  leavei  the  hitter  without  iioininnl  dii*liiirt)f>u  from,  the 
other  two  paru  of  the  ek'uient — the  neuron  and  the  dendrona*  Ht-nt^e  the  ward 
"  oetiron  "  is  litre  used  in  the  established  lenses, 

X  "  Dendrite  "  has  also  heeu  uaed  &4  eqtilvttlenfc  to  "dendron/'  and  etlU  is;  bat  the 
need  for  dUtijiguisbfng  the  tn-ii^^s  from  the  process  itself  makes  it  highly  probable 
feb»i  this  convenient  leparHtion  of  the  wordii  will  become  universal, 

S  la  1866 ;  see  Strieker's  '  Histology  '  (Sew  S) d.  Sao.  trant,).  Tha  obtervationa 
were  confirmed  by  Babuchin  in  1868  uud  1869. 

II  See  further  on  Structure  of  the  Nerves,  p«  62. 
%  PefWinal  couinKiniefttion. 


^ . 


yy-^  un  j±.'L±z.TK!i  i^  MrfK-i.es. 


^^  fv:-*-^:,.* 


."7^^^  *^'  XLueL  «:  i-armai  trjiL  us  j  iiaur  tnuikliioeiiCT  in 
^_^^..  *  /-*^  -  -u  2*  ^:*a»i  17  A  flafisnar  gmrnlar  material, 
.^^^""T^"^*"^  *  '-i-itij  -x  r»  irfer«ii»  af  Af^«ws  mikd  «**i»iing  after 
r^^  J^'^  r-'-'^-i-^i  ij  ikriHL^t?  i(.£»E.i&.    ii  ba*  been  tenned  the 

-fCr^-'*'^*'^  "~  -''^*^*  -'='^^»^  =  *^:-  ia*  »  K-ft  ooxmstence, 
^^f~'  '■'^-^'^^  -  ^  B^ii  "*•:  f --^^  "3»iiaexj»,  v^icSi  oonstitate  the 
r-^^^^-  -  .--^  iT-.-JLi  FiLtscknn*,  nr  SBaszix.  of  tke  "spongy" 
▼Li±  liir  :^-s  li=  ksi  lieer  zcv:.£«9aaa  branch. 
,  ^'  J^.'^-  ■•-■-r'^^^i  xLiTU'P^Ti:-!.  ;c  lie  ax2&.  '•^t  must  infer  that  its 
^'l  r"7^  ^ '"-t-.-  ^'y.  \  ri^  irf  is  =Eir=:T  lit  iic7*nsk«i of  these fibrik, 
7**'  ~" '-^  *r:ri*  Li.i  i.:  li.*:  ll:.;  si^W  iic£l*— -  jffianitnre  fibrils.'*  It 
.^   ^'  *"•  \^'   ►•^niL-iTj  iz_i  11.  lie  ^rej  rzAiHier.     Ibe  final  twigs  maj 

^.  ,^  *-'-—  ■ --i:.  L:::^  iri-ifesses  Lire  j:n*=^  z;-:::*!  \o  consist  of  similar 
*■  *""''■  ^^-  "^s  li  '.rz^  ils-:  ::  li:^^  5::TT«:«ii  lo  he  extensions  of  the 
^;;'''^-  -^  '-f  :lr  :vrl.  iiii  ii-e.-\::rr  ikllrd  -  rrwop^asmic  processes." 
I:..i  ^-*^T  tl.-^i  l^  ziTcz  -p  vi-i:  lie  x-r..irj.::vn  attached  to  it 
,?  ^■'I--'--  --  'ii*  •.'-rrlr  rin:*.;:-  is  'yj  x-i-Trj  nuuitire  t»*»^*-ia]  to  the 
'^t^'lxAy  ^4-.  1l  :— I.  :_-:T^r :::.  :re  ti-iz.  an  ii  ^.-ihesis,  nasting  on  no  real 

^^  i*h  iL^  r-    jzl-iiju.  of  tl-r  flHUarr  c»:'-«:::Tition  of  the  axon  and 

<i'L  .r  r.is,  li?i!j  ?.v.-  ias,>::ia*':-i  an  c»:jUiI:T  important  neeognition  of 
Tf.friV^.  ^caos'.  .IrirlvdeTft-e'i  br  Max  Sohnltze  §  i  that  their  fibrila 
I  ■I'.'i  ihr.  :j],  ?:..;  j.^iv  of  the  n^rv^r-vvll  without  intermption.  Those 
'^:  tli^  ai.,r^  -iiv^rrL'-  to  pi-!?  to  the  &cTeral  den<ln>zi5,  but  those  of 
tL*f  hx**rT  i\j  I.'  •  T'^iss  ill  to  the  axon.  Some  pass  dir^ctlj  to  other 
thtiAr^'ii-,^  ^(j  tL.it,  in  such,  there  must  be  conduction  from  the  cell 
a-i  W':K  as  r..w.trls  it.  MvrwTer.  b-Dth  v  Cajal  and  K<illiker  hare 
oh"  rv.*l,  in  ovrain  clLs  of  the  «.vn?l»ellum,  all  the  fibrils  of  an 
;iii--'  vjiii«l.,.r  pu"  dircalv  to  a  dendron.  scarcelv  entering  the  body  of 

t},.M-/ll. 

'iwitrs  from  s-iir.h  ]>rot;*-ssfs  of  small  cells,  espedallj  in  the  InTer- 
tol'Hita,  liavL'  Im-».-ii  said  to  join  the  elements  of  the  neuroglia.';'     Ti  e 

•  AjMtt.y,  •  ho;.  <>utrulbl.,' 1^89.  Th..-  term  **  spongy  grey  •ubstance "  »:>• 
h(.for«  :ii  iiMi:  on  a'corint  of  tue  sponge-like  int«rUcement  of  the  oell-proceiset. 
1  ii-  roi.ro|.ti'.u  sitta'hcrl  t)  it  has  thus  become  somewhat  oonfoaed. 

^  K>;><"  ialiv  fiinc«;  one  writer  \\ma  termed  them  ueurites  which  would  be  eonfasing 
ii!iU»4  th(j  atU.|.r«'fh»  Here  terme'l  the  '*  neiiron,"  as  it  certainly  will  not  be. 
I  i,*-  'itily  1  f'i '  r  n*e  of  thi-  won!  n.-tiriten  or  neuronites)  would  be  for  the  terminal 
t  a;/'  -ti  ir^Mii'iai 

♦  Ihai  til dividin^f  hraticheii,  lonjr,  and  not  obviously  permeable,  should  be  the 

fliarirt<'l>  by  wtiich  the  <'»-\\  receives  that  wliich  could  y%s%  directly  through  its  walls, 
v\iiM  niiiiplv  it  |><Mitive  iiifert-tire  trom  the  nef^ative  fact  that  DO  other  function  was 
ohvii.ii^,  rii.iL  we  limit  r«-a-e  u>  r-insider  the^e  procenses  *•  protoplaHmie**  and 
iiulritiorial  wan  itmiiited  on  in  180<J  hy  lUbi  Ruckhardt  ('  Neurolog.  Centralb.'). 

5    \ttn'.  I  it. 

Ij   V.  K.iliik.r,  •  SVuitxhurK.  SirzuuKhb.,'  Nov.  23rd.  1889. 

«    Amioii;;  olherii  hy  Ladowitk),  '  Verhandl.  .Me<l.  Congress/  Berlin,  1890,  U,  92. 
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fact  is  in  hArmonj  with  the  origm  of  both  from  the  same  embryonal 
The  differentiation  of  the  nerve-elements  from  thiti,  may  leave 
blending  of  structure.  It  must  be  remembered  that  there  is 
li&oerUux&ty  regarding  the  nature  of  many  of  the  smaller  ceUa, 
H  is  ooBoeiTable  that  iiome  are  nervous  and  some  neuroglial .  and 
then  may  not  be  always  actual  separation  of  their  connections. 
A  MWDtial  difference  between  the  axon  and  the  dendrons  cannot 
jet  be  established.  Branching  does  not  dilTerentiate  them,  for  the 
also  branches  after  a  longer  course.  Nor  does  either  multiplicity 
or  length.  The  cells  of  the  posterior  ganglia  of  the  cord  have  but  one 
nnd  one  dendron»  united  for  a  short  distance  as  the  single  process 
o(  the  **  unipolar  "  cell.  These  two  processes  are  of  nearly  equal  length 
tlie  case  of  those  cells  that  giTe  rise  to  the  fibres  of  the  posterior 
column  ;  these,  reaching  the  cord  by  the  posterior  roots,  ascend 
Id  tbo  lerel  of  the  medulla,  while  the  other  division  of  this  cell-process 
probably  comes  from  a  muscle  as  far  away.  We  see  also,  in  this 
tiurtaace,  the  absence  of  any  real  distinction  from  the  direction  of  con- 
duction. Although  the  axons  of  the  motor  cells  conduct  from  these, 
so  also  must  some  of  those  dendrons  to  which  fibrils  pass  from  others. 
IforsOTer,  in  the  case  of  the  posterior  root-fibres  which  go  to  the  local 
Ifpe/  matter*  the  long  fibre  from  the  periphery  conducts  towards  the 
oeQ  ;  Uie  shorter  fibre,  which  soon  branches  in  grey  substance,  con> 
from  it.  Opinions  may  differ  as  to  which  should  be  r^arded  as 
mnd  which  as  dendron^  but  analogy  suggests  that  the  latter  should 
be  that  which  soon  ends  in  the  grey  substance.  But  it  is  difficult  to 
iKVoid  regarding  each  fibre  of  the  cells  related  to  the  posterior  median 
eolaatB  as  an  ason^  There  is  no  reason  for  regarding  either  a  dendron 
or  a&  axon  as  an  essential  element  of  a  cell.  Yet  the  distinction  is 
ry,  and  the  general  application  of  the  names  is  justifieii  by 
eommoQ  difference  between  the  one  medullated  process,  which 
out  of  the  grey  matter,  and  the  other  nmnerous  processes,  which 
t  medullated,  and  soon  divide  within  the  grey  substance. 


Tl»  rxtent  to  which  the  physiology  of  the  nervous  system  is  mferred 
its  minute  anatomy,  is  illustrated  by  the  revolution  in  our  con- 
produced  by  the  discovery  of  the  discontinuity  of  its  element*, 
tine  fibrillary  constitution  of  the  conducting  structures,  and  the  course 
of  this  fibrils.  These,  passing  through  tlie  nerve-cells,  without  inter- 
can  merely  conduct  through  the  cell-body  as  they  do 
rbare  in  their  course.  With  this  fact  disappears  the  old  idea,  so 
apparently  so  adequate  and  reasonable  from  its  supt^rlicial 
-the  idea  that  the  nerve-cells  are  the  seat  of  the  production 
^impulses,  that  in  them  "  nerve  force  "  is  generated  from  the 
energy  stored  in  the  nutritional  compounds  which  have  entei-ed 
cpoatitution.  But  we  cannot  have  such  gi»neration  where 
fibrik  are  continuous.  For  it.  wo  must  look  to  their  extremities. 
!▼  suppoMd  to  be  in  ibe  cell-body,  now  pi^rceived  to  be  in  the 


ACTION   AND  PAEALTSI8  OP  MU80LE3. 


"ipOfigJ  gwyfub«tanoe."     The  process  must  be  where  the  contmuoua 
ihriU  boi^ia  in  the  centre,  as  it  is  iu  the  bIde  and  other  parts  of  the 

Criphery,  in  the  case  of  fibrils  that  conduct  thence.  As  all  the  nerve- 
pubei  that  reach  the  centres,  through  which  external  influences  act, 
lad  the  eniironntent  is  perceired,  originate  in  the  minutely  st'parate 
tUfTT*  foateiml  at  the  extremity  of  the  afferent  fibrils,  so  all  the  out- 
goinf^  impulses,  and  those  which  pass  from  one  part  of  the  centres  to 
another,  originate  in  their  special  foi-m  at  the  analogous  ertremities  of 
thd  fibrils  in  the  grey  substance.  We  must  conceive  these  impulses 
arif log  in  the  extremities  of  the  "  cellulipetal  **  dendrites  (to  use  the 
•omewbat  cumbersome  term  of  v.  KoUiker),  being  excited  m  some 
way  bj  the  stimulus  of  the  impuiees  which  reach  the  contiguous 
extremities  of  other  *'  cellulifugal "  fibril b.  dendrites  or  branches  oi 
tlie  axon  of  a  distant  cell.  The  incoming  impul^s  mar  excite  those 
that  go  out,  as  impulses  are  excited  at  the  periphery  by  other 
forms  of  energy ;  or  there  may  be  a  process  of  conduction,  through 
the  intervening  ground -substjince, — the  matrix  in  which  the  cells  He 
and  the  dendrites  end.  For  the  increase  in  the  amount  of  nerve- 
fBergy  which  often  takes  place,  there  must  be  more  than  conduction, 
its  production  must  be  "  excited  "  by  that  which  is  conducted.  We  can 
conceive  such  excitation  without  continuity,  especially  when  we  con- 
sider that  the  stimulation  of  muscular  protoplasm  is  by  the  impulses 
in  Derves  which  terminate  on  the  fibres,  and  not  in  continuity  with 
the  contractile  substance — indeed,  separated  from  it  by  a  structure 
apparently  quite  different  in  its  simpler  nature 

If  this  conception  of  tlie  origin  of  the  impulses  in  the  terminations 
of  the  fibrils  seems  less  easy  than  their  origin  in  the  more  massive 
nerve-cellsr  wo  must  remember  how  multiphcity  neutralises  minuteness. 
Indeed,  the  rainutent-ss  of  the  conducting  fibrila  almost  involve*  a 
multiplicity  of  minute  sources  of  nerve-impulses,— which  must,  more- 
over, be  far  from  minute  in  comparison  with  the  molecules,  from  the 
ktent  energy  of  which  the  impulaea  proceed.  All  modern  discoveries 
prepare  us  for  finding  every  mass  to  be  an  aggregation,  and  each 
perceptible  quantity  of  energy  to  be  made  up  of  minute  constituents, 
every  one  of  which  is  definite,  both  in  iu  separate  character  and  in 
its  wntribution  lo  the  effect  of  the  whole.  The  finely  divided  nerve- 
substance  will  constitute  a  total  source  of  energy,  as  adequate  in  extent 
ae  a  nerve-cell,  with  a  more  obvious  facihty  for  the  reoewal  of  the 
molecules  lost  in  functional  action,  and  far  greater  opportunity  for 
Tarying  relation  to  the  stmctures  from  which  the  impulses  are 
received. 

What,  then,  is  the  function  of  the  nerve-cell  ?  The  one  certain  fact. 
eetAblished  by  evidence  that  is  secure,  ig  that  on  it  depends  the  life  of 
the  nerve-fil>re8— the  vitality  of  aU  the  processes,  equally  that  of  the 
dendrons  and  of  the  axon.  The  evidence  of  this,  the  immediate  degene- 
ration of  any  separated  part,  is  well  known.  It  is  leas  conspicuous  in 
the  caae  of  the  dendrons,  but  sufficiently  certain,     Huw  the  iufluenoe 
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la  exerted  i?re  can  only  surmise.  The  nucleus  of  every  c^ll  is  its  life 
centre,  and  in  some  way  the  nutrition  of  the  protoplasm  is  determined 
by  it.  The  cell-body  has  a  complex  Btructure,  dimly  perceptil)!©  by 
the  help  of  reagents,  at  present  beyond  our  practical  comprehension. 
One  distinct  fact,  however,  is  that  the  protoplasm  of  the  cell,  extend- 
ing into  th©  narrowing  axon,  thins  away  between  the  outer  gheath  and 
the  white  sTibstance,  becoming  unrtHjognisable  until  one  of  the  many 
nuclei  is  reached.  Each  of  these  is  surrounded  by  like  protoplasm,  also 
thinning  off  along  the  fibre  until  invisible.  It  is  certain  also  that  if 
the  cell-body  and  nucleus  are  desti-oyed,  or  the  fibre  separated,  the  pro- 
0608  of  degeneration  begins  by  changes  in  these  nuclei.  They  seem  to 
be  concerned  in  carrying  on  the  influence  of  the  distant  cell,  and  it  is 
not  easy  to  conceive  any  other  path  for  this  influence  than  a  thin 
layer  of  protoplasm,  within  the  sheath,  continuous  from  nucleus  to 
nucleus,  vitally  influenced  by  these,  and  conveying,  by  Itt  own  nutri- 
tional state,  that  of  the  cell.  A  space,  in  this  position,  is  rendered 
Tinble  by  reagents  which  make  the  contents  of  the  sheath  shrink. 
Indeed,  coagulated  material,  in  small  quantity,  can  be  seen  within 
it.*  •  This  has  been  regarded  as  evidence  of  the  presence  during 
life  of  such  a  space  as  is  here  assamed  to  contain  connecting  proto- 
plasm. 

Many  facts,  previously  obscure,  become  more  intelligible  in  the  light 
of  the  new  discoveries.  The  knowl<>dge  that  the  cell  governs  the 
nutrition  of  the  fibre,  and  the  belief  that  from  it  proceeded  the  nerve- 
impnlses.  involved  a  correspondence  in  the  direction  of  nutritional  in- 
fluence and  of  conduction,  and  it  was  found,  in  fact,  that  conduction  and 
degeneration  were  in  the  same  direction  as  a  rule^but  only  "as  a 
rule."  It  was  untrue  of  the  sensory  nerves.  These,  coming  from  the 
cells  of  the  ganglia  on  the  posterior  spinal  roots,  degenerate  downwards, 
but  they  conduct  upwards— an  anomaly  which  had  to  be  simply  ignored. 
The  fact  is  now  seen  to  be  in  harmony  with  others. 

The  arrest  of  secondary  degeneration  in  the  grey  matter*  the  fact 
that  the  degent^ration  of  the  fibre  which  enters  the  grey  matter  never 
passes  on  to  the  next  nerve-cell,  through  which  conducted  impulses 
must  pass,  was  mystoriotiswhen  they  were  believed  to  be  in  continuity. 
The  discontinuity  explains  it  at  once.  The  degeneration  is  limited  to 
the  siu'rle  neuron. 

The  division  of  the  axis-cylinder  at  its  terminal  ramification, 
whether  that  of  the  sensory  nerve  in  the  skin  or  of  the  motor  nerve  in 
the  muscle,  was  scarcely  intelligible  when  the  axis-cylinder  was  regarded 
as  a  single  conducting  path  ;  it  is  so  when  we  perceive  that  the  apparent 
division  is  simply  the  seprtration  of  its  constituent  fibrils,  each  a  dis* 
tinct  conducting  path.  This  fact  is,  moreover,  especially  important  in 
relation  to  the  minute  localisation  of  the  various  forms  of  sensation  in 


*  Schiefferdecker,  '  Arch.  f.  mik,  Anat./  xix,  1887. 


,^    JC  >.Sa:iISSS  OP  Ml^SCLES. 

Ihemselyes  are  not  nnmeroiu 
vUeh  ooold  not  result  from  the 
jMbac«d  as  a  whole. 
•M«a  X  <«w«g7  termed  a  "  nerve-impnlse  •* 
^^  -*  ^*tf9^  nnier  the  action  of  a  stimulus,  that 
^  jT^^  ^  ^iK  ^mited  to  "conduction,"  is  less 
impulses  as  produced  at  their 


W.: 

th. 
tin- 
for: 
th..' 

eUtM: 

its  ]•■ 
con«''-- 
bMiT  ' ;. . 
in  nil 
the  rn  ■ 
np|»:in''.     • 

If  tl.. 
of  th-  \V 

lU'VVr-.  .llv 
Iiuli't'tl.     ■  '  • 

multi|»!i'!t; 

OVOr,  l>r  f':!'*  ' 
la  tout  .'Mil'::; 

pn']»ar«'    n-   !    .  *• 

^vri"f|»tiM«'  I]  .  ^"^ 
ovorv  oiu'  ot"  \.  ^--^ 
its  oontrilHiti.-  -w- 

subst:iiio»  will      ..   -     *■ 
as  a  utTVi'-rrl!.      -i.r* 
moli'iulo^  li'"!         1 
varviiii;    rolatit"       o 
nvi'ivtsl. 

WhaT.tli.'U.  :>  ■■.■ 
estaMishovl  l»y  i\i.l.'iic 
x\w  i\<'rvo-iil'n"*  flie 
vloiulronsaii«l-»r  tlu-a" 
rati.^ii  of  aiiv  <rj';ira!t 
\\w  vaso  of  tlu'  .liU'lro 
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jte^  ^Mi(>^<Ar*  tA<l  manj  facts  become  more 
^m  ^  .*dtt3$e  of  our  conceptions  inrolyes. 
^   ^v  iM  tfructures  concerned  most  minute  ^ 
.ML  die  use  of  reagents  which  reveal 
:a  aspect  due  to  chemical  change 
•A*«  ><«ft  produced  by  other  agents 

^ >ao  Utile  original  difference  in  consi 

:*M  Mifertitutes  the  conducting  axis  of 
Mu  X  ite  separating  substance.     Both. 
■g^_  ^1     lufitt^  life,   and  are  indistinguisVi 

'Ji  ci>n«titution  is  revealed  by  tlie  ac^- 
__  :^»ttt»  that  harden,  and  then  of 
.i*^v«  molecular  chemical  changes, 
^  '«MiY«  the  actual  amount  of  these». 

4  .i»*  dbrils,  the  "  hyaloplasm,"  or 
^^  ijtdtuettt  than  the  separating  "  e 
^^^  j^  *>*  s'hiefly  due  to  the  hardenin^ 
:,^   ijj  tu^aU'tf.  and  through  the  ceU-l> 
s^^a^  UMkt  beyond  these  it  is  also  co 
^:'    \^  mtfr*'^  the  spongy  substance. 
^      ^^  a^  ^M*  and  form  a  trabecular 
-   *  by  Golgi's  method,  appai 
if  continuous  with  th. 
degree.     The  differe 
ttftd  yet  sufficient  to  con. 
T^iiL  ^orally  assumed  to  be  a 
j^i^wetioiid. 
I^qIMIV  of  the  matrix  is.  we  c^ — = 
>  MMoe*^  that  occurs  in  it 
,  ^^  ^Te  been  too  reiidily 

.  ypl  MM^Miilur  dilforenc^*  Wtwr«:~-^^ 
iHim^lMil  with  tho  ut>iu>»t  iiiinuC.    -^^ 
^  fOlour   pilot  oirntphy  of  C.».^==^ 
Ik  «Mljr  In  r»ptdity  and  lrn>r  ^ 
mitce  *  ipireial  tilYer  »ilt  in  c 
^^m  iiiii*!  be  the  iviiiihiair  ^^v- 

^00in  9omt  *uiu«  «u«i  no;  w-* 
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t  is  not  clear  that  actual  conduction  of  nerro- impulses 
ia  incompatiblie  with  the  augmentatiOQ  we  include  under  the  term 
**  excitation."  An  increaae  muat  occur  when,  for  instance,  in  many 
mBosactionB  the  afferent  impulse  that  reaches  the  spinal  cord  is  miuute 
IB  proportion  to  that  which  leaves  the  centre.  We  seem  thus  to  have 
m  prooeM  of  stimulation  comparable  to  that  in  the  cutaneous  nerres 
ffbeauetweB  apparentlj  analogous  to  dendrites),  under  the  influence  of 
■ome  other  form  of  energy  from  the  outside.  In  this  connection  it  is 
Mpffisllj  noteworthy  that  many  dendrites  terminate  in  knob-Iikc 
<Mlai£nii  until  suggesting  receptiTe  functions, 

W«  do  not  know  the  nature  of  a  "  nerre-xmpulse."  We  must. 
ham&ftt^  assuiiie  that  it  is  energy  in  some  form  of  motion,  released 
fpora  tliat  preYiously  latent  in  the  nerve- substance,  apparently  the 
••  kinetoplasm  "  or  **  hyaloplasm."  Chemical  change  occurs  by  which 
ntnple  compounds  are  formed,  as  in  aU  similar  processes,  and  the 
■OBpiMt  conception  is  that  the  process  is  like  that  in  a  train  of 
material,  modified,  restricted,  but  perhaps  accelerated  by  the 
el  life.* 
motion  of  a  touch,  which  acts  upon  the  nerve-endings  Iei  the 
reaches  them  by  passing  through  the  skin  as  the  simplest  form 
80  also  pass  the  special  forms  of  ware  motion  that  con- 
iAecitridtj  and  heat.  A  differentiation  of  the  nerve-tissue  in 
a  to  enable  their  molecules  to  receive  one  special  form 
most  readily.  Hence  our  *'  special  senses."  Tbe  manner  in 
wkich  the  equilibrium  of  the  nerre-substanoe  is  disturbed  in  each 
do«il>tle88  diSers  much,  but  it  is  instructive  to  note  in  connection  with 
fkm  thaoffj  of  the  nerve-impulse  just  sugj^ested,  that  the  wave-motion 
first  to  induce  recognisable  chemical  changes  in  material 
natuie. 

*  Tliit  vltv  hn»  bevn  developed  &t  lengtb  in  tba  writer^i  *  Dynamics  of  Life,* 
Chmrhn],    18^  bob   wm  elevlj  statsd  bj   Herbert  Spencer,  *£lem. 
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cementing  Bubetance,  sbowii  b^  tlie  fine  dotting  io  the  figure. 
Hiere  is  one  imdeus  (n)  to  each  intemode,  about  its  middle ; 
henoe  thej  are  sometimee  called  "intemodal  nuclei."  Around 
tJie  nucleus  is  a  little  protoplasm,  and  it  is  probable  that  a  Terj 
Uiin  lajer  of  protoplasm  eTerjwhere  lies  between  the  aheath  and 
the  myelin  connecting  that  of  the  adjacent  nuclei,  and  these  with  the 
protoplasm  of  the  nerve-cells  (see  p.  59).  The  intemodea  are  shorter 
towards  the  termination  of  a  nerre.  It  is  important  not  to  confound 
thm»  divifiioQS  with  other  imperfect  indentations  (IS,  Fig.  32,  I), 
often  called  the  ''  incisions  of  Schmidt,"  or  "  indentations  of 
lAttlermann."  *  These  are  oblique,  incomplete  dirisions  of  the  white 
■nhstanoe*  Manj  exist  in  each  node.  Thej  are  belieyed  bj  some 
hifllologiflts  to  be  of  artificial  origin,  but  their  uniformitj  is  in  favour 
of  tlieir  dependence  on  some  structural  feature. 

The  myelin,  Kanvier  suggests,  must  protect  the  axis-cylinder,  since 
it«  almoft  Liquid  oonsistenoe  will  diffuse  pressure  on  the  nerve.  Other 
^wjMililo  naes  it  subserves  may  be  suggested,  but  we  have  no  proof  of 
theoL  The  nodal  segmentation  evidently  permits  nutrient  material 
to  itmeh  the  axis-cylinder. 

The  "  grey  fibres,'*  or  "  non-meduHated  fibres,"  consist  of  an  axis- 
cjUnder,  sheath,  and  nnclei  (Fig.  32,  III),  but  contain  no  myelin. 
Tbey  constitute  the  sympathetic  nerves,  but  some  (also  probably  sympa- 
tfaotic  fibres)  ars  found  in  aU  the  spinal  nerves.  They  are  absent  from 
the  Derrss  of  special  sense  except  the  olfactory,  which  contains  no 
other  fibres. 

The  aerve-fibres  are  united  into  "  &8ciculi  **  by  delicate  nucleated 
tissue,  and  these  fasciculi  are  similarly  connected  into  larger 
while  the  whole  nerve  is  surrounded  by  a  dense  connective- 
sheath  or  **  perineiuium."  Under  this  sheath,  and  extending 
its  lamellflB  and  amongst  the  individual  nerve-fibres,  there  is  a 
Ijnqih-spaoe  lined  by  flattened  ODdothelial  cells,  which  probably  plays 
aft  iatporUnt  part  in  the  propagation  of  inflammation.  From  the 
penBeorium  a  very  delicate  "sheath  of  Henle"  extends  on  to  the 
diTisiona  of  the  nerve.  All  these  tracts  of  connective  tisane 
are  oontiniioas,  and  they  convey  the  blood'Vessels.  They 
oJpo  etmtain  nerve-fibres,  "  nervi  nervorum,"  which  are  derived  from 
the  nerve  it4ielf  .f  The  sheath  and  connective  tissue  of  each  nerve  are 
thvM  part  of  the  area  of  distribution  of  its  own  fibres. 


PsTSSotodT  or  Naarss. — The  first  great  fact  to  be  kept  in  view  is 

thai  the  axis  of  each  nerve-fibre  is  the  prolonged  process  of  a  nerve>oell, 

the  waQ  oC  the  cell  and  process  being  continued  as  the  sheath  of  the 

>fibt«h  the  protoplasm  of  the  cell  becoming  less  and  less  as  the 

naiTOWi,  and  the  white  substance,  the  mednUary  sheath,  making 

•  TWj  wrnm  ami  ilsMritMd  by  Sohmidfc  of  Ntw  OtImh*.  sad  sft«rwArd«  by 


f  OmvI^,  Boj.  Med.  And  CUr.  Soe.,  Jmnn^ry  2Stia,  1885. 
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•  ji.    :*.\    i.i-f-w-.v.^  has  rediirod  the  process  almost  to 
.«,,..      ';♦».<  ••■.'..,\i!ilUrv  sheath  bejfins  in  the  layer  of 
s.    .»  w  Jv:s  ::v  .i\is  within  the  neurilemma,  and  which 
>js.       .;    w  •■■^*  mvelin  increases,  for  some  distance, 
s      v.    .ii  vvlv    ivase   on  either  side  of  the   myelin 
>^    -A    ho  "u\hillatod  fibres  there   is   a  continuity 
>,   ;v  •'*."'» iiU*innia,,au» I  probably  the  protoplasm, 
..xx\>U   t'rxuu   the  fact  that  the   fibre  is  by 
,     .K»  sx^l ;  while  it  is  moreover  found  to  be  so 
U  *h.iri»s  all  moilifi<-ations  in  the  nutrition 
.,  X. .»     .;  :i  iK'il'octly  normal  state  if  the  nutrition 
^tvi      \^'!-  i'^^*  ivlation  is  less  simple  than  it  seemed 
..    \.\»v\i  u»  U^  but  an  attenuated  prolongation  of 
,     ,  :      l»  li.is  iHX'n  pointed  out  in  the  last  cliapter 
...  •  -x':i>    "II**  <ho  axis  pass  through  the  cell  and, 
^     >.    x'iivvu'ixnl  part  of  the  cell,  we  are  led  to  look 
._.,:;.  ••iotoui,^^l  along  the  fibre,  for  the  element  of 
...*  '.x-'a  ill  harmony  with  much  elsewhere. 
.s.»v    i'.^ix'ji  is*  seen  in  a  different  aspivt  under  the 
.  ;;i^«4..'A»n.     Ah  already  explained,  it  was  formerlv- 
X    -iKsiuv  and  the  fibres  conduct  what  is  termoLL 
u  .»x'^  ul»n»s  also  can  gfenerate  this  when  they  ar*^ 
^  v.ixi'u'C  tho  impulse  that  passes  through  them.^*^ 
o  Ix'  that  the  nerve-fibrils  simply  conduct  wKexi 
v  .v*^-  N**^y.  ^^^  *^®y  ^^  elsewhere;  and  it  is  coxi. 

^  ^ ^v.  *  bundle  of  fibrils  simply  skirts  the  edge  ci 

s  .»u'i  m  ptu»«iug  from  one  process  to  anotlier,    o 

.uio  tibril  must  be  true  of  all.     The  relatioi 

o.  .J\<i  ^>»Mi'<^pHon  of  differences.     If  any  fi.V>:ir 

^    V*-  T4ul»*«tanc^,  all  would  do  so.     If  it  is  tx-\x^ 

<    kll.  that  the  function  of  the  cell    is     -v^ 

v^   ^^^ll*  iH'giii  as  such,  as  conducting  stria-ctxij 

».»,'*vi»tibl»»  to  tlie  same   changes   throxi^Vi.* 

.J.   ■  iH  A  I'hange  of  constitution  or  of   stx-vxo* 

oi   vho  Ki>urce  of  the  unergy  lliat  is  cox\«3.v.-th 

"^"wuvxlhowtolook. 

liHx^  whtM'o  they  terminate,  as  in  nxTJL  sa  ci 
^x«  t*  i\»gardod  as  separation  or  unioxx    o-E 

'^    *   .  -I^i,  Kwk  in  words  that  are  worth  qiiox  Vi-fc  tr*  ^ 
,v  ^»*'**  **f  function  as  woll  as  of  Btrucrt\aTr«»    --    _ 
■**      '  **      ,  y^xwt  conduct,  an<l  the  cell   must    \t.^*-'V^ 

•j*rt  *»'  ^''®   '**^*^*  tlin>uirh  whirli    Uio.      ty^.'t'v-  ->* 

v^.jl  |iiiiit08  throui^'h  must  he  <'.)iuliiot.^»«.\  ^      V  - 

***   «4tt  if  ^^  *•  renewed,  wo  rnmiot  so    «A\«.\  "\ -»--ifc. 

j^  Abr«  "■  to  say  that  then-  is  "«ti    ooa^^.'V  - 
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tkem  is  greater  than  aormal,   and  ia  graEular ;    there  Is  in  places 
a  local  increase  in  the  amount  of  protopUsm  within  the  sheath,  com- 


Fiti.  33. 


Fio.  84. 


h    B 


Fia.  33,— A-J,  di>)^«*noriitton  of  nerve- fibres  (rt»mic  acid  fend  cftrmlnft 
■t*iititttp)»  A,  from  Bt:iiiti(!  of  rabbit  "our  diiy»  nfter  auction  ;  B,  C,  aHiue» 
fifty  honTB  Hi  tor  seetioTii ;  D,  a  flbre  sUiiied  wUli  cRrmiiie  Qiily,  to  abow  the 
nJtU-cyiiinler;  K,  F,  G,  fibre*  from  plg'eon  tliree  duyi  nttet  xcction  ;  H,  two 
fibres  from  pneunu agastric  of  rabbit  ait  ilaya  after  seoti'iti  j  J,  a  lympbaifo 
cell  from  interaLitlHl  cotiTieetive  tisj^ue,  coutamlnj^  |iiobule»of  mjelvn  which 
it  bas  taken  up.  In  all  tlio  fijf urea— «,  n,  nuclei ;  x, «,  coiutrktiona  ol  the 
niyclid  produced  by  the  growtb  of  the  protopltiam  i  ac,  axia-cylinder* 

K.  L,  reg^eueniiiou  nf  uerve-fibres.  K,  from  puemnogaJitric  of  rnbbit 
■eveiitytwo  di«ya  after  aectkori ;  L,  from  scintic  of  rabbit  niniefcy  daya  att«r 
aectiou  j  «,  Touiideil  end  of  white  aubstmioe  of  central  end  of  uerve  j  t, 
ffbeatb  j  na,  tiow^  Hxia-cjtinder,  In  L  are  twD  globuleaof  myidm  remamioig 
from  the  tlfgeiieratinn  of  the  oM  flhre. 

Fio.  34, —  Depenerating  dhrea  from  cntttneoui  nerves  of  man.  (After 
Pitrea  nnd  V;iilkrd.)  A»  from  near  n  bedsore  in  a  c.isc  of  fnn^hure  of  the 
akuU;  B,  C»D,  from  the  fifth  nerve  in  «  ciise  of  nennaltrift  «nd  uicention  of 
the  lip;  n,  n,  nuclei.  In  A  tbo  protoplnain  aiwJ  Qticlel  are  iiicreiisml.  and 
the  rayeliu  J*  breaking  lip,  the  processes  »ia^iiig  proceeded  furtbeat  in  the 
iici(?libourhoodof  tbeuuclcuAin  the  mlildle  of  the  fibri? ;  in  B  the  a^^menta* 
tioti  hna  gone  on  to  the  formntion  of  glabuleni,  wbiirb  in  C  it  re,  for  ttio  most 
part,  amalU  and  umny  have  been  removed,  so  thiit  tiie  (ibre  is  narrow  | 
whilf^  ill  D  3*11  the  products  of  degeneration  bare  been  removed  from  coa- 
aideriible  trnct4  of  the  ab&ith. 

prBMing  the  myelin  (A  as,  B  *,  C  ar).  The  nuclei  then  become  detached 
from  the  aheath ;  the  protoplasm  everywhere  increases,  and  encroachei 
on  the  myelin,  until  her©  and  there  it  meets  across  the  tube»  oom- 
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pletely  separating  tlie  mjelin  (A,  lower  part ;  B,  upper  part),  and  mth 
the  mjeUn  the  axis-cylinder  {B).  This  process  thea  goes  on  with 
increaBed  rapidity ;  the  myelin  is  broken  up  into  smaJler  and  smaller 
^-agments  (C,  E,  F),  which  become  globular  in  the  watery  protoplasm, 
just  as  oil  forms  globulea  in  water.  The  nuclei  meanwhile  contiirae  to 
enlarge,  and  then  divide,  first  the  nocleolus  and  then  the  whole  nucleus 
(F).  The  two  nuclei  may  again  divide,  until  (as  in  Gr)  there  are  four 
or  more  nuclei  in  each  intemode,  instead  of  one  only  as  in  health. 
The  small  globules  of  fatty  myelin  seem  to  become  changed  in  chemical 
composition^  since  they  are  stained  less  deeply  by  osmic  acid.  Ranvier 
8U£;:geBt6  that  their  fatty  matter  may  undergo  a  process  of  saponification. 
Ultimately  they  seem  to  pass  through  the  sheath,  are  taken  up  by  con- 
nectire-tissue  cells  and  lymphatic  cella  in  the  vicinity  (as  in  J),  and  are 
gr.idually,  for  the  most  part,  removt^.  By  the  time  the  myebn  is  in 
small  globules  the  nuclei  cease  to  multiply.  On  the  removal  of  the 
products  of  degeneration  the  sheath  shrinks,  and  looks  empty  in 
places ;  but  here  and  there  it  is  enlarged  by  the  nuclei,  protoplasm, 
and  a  few  remaining  myelia  globules  (H).  Hence  in  transverse  section 
many  small  eheatha  are  seen,  with  a  few  of  larger  size  where  they  haTO 
been  cut  across  at  these  swellings. 

In  the  rabbit  the  first  changes  are  visible  at  the  end  of  twenty-four 
hours  ;  the  first  complete  interruption  of  the  myelin  and  axis-cylinder 
occurs  about  the  end  of  the  second  day ;  the  process  of  destruction  is 
considerably  advanced  at  the  end  of  the  fourth  day,  and  is  finished, 
and  the  multipbcation  of  the  nuclei  ceases,  towards  the  end  of  the 
second  week.  In  peripheral  nerves  the  changes  seem  to  progress 
from  the  lesion  to  the  periphery,  but  within  the  central  nervous 
system  they  are  said  to  bcg^  at  the  same  time  in  all  parts  of  the 
fibre.  It  is  uncertain  to  what  extent  this  difference  is  real  or  is  only 
appar»mt,  but  the  process  goes  on  most  rapidly  at  the  periphery. 

At  the  end  of  the  second  day,  in  the  rabbit,  stimulation  of  the 
nerve  by  electricity  below  the  lesion  no  longer  causes  muscular  con- 
traction, the  disappearance  of  electrical  excitability  coinciding  with  the 
first  complete  segmentation  of  the  myelin  and  axis-cyliador. 

A  curious  fact,  unfortunately  more  interesting  in  pathology  than  in 
practioCt  is  that  the  degeneration  of  a  divided  nerve  does  not  occur  if 
the  ends  are  brought  quickly  into  perfect  apposition.  It  is  so  in 
arimala,  and  probably  also  in  man.*  Immediate  replacement  may 
otxar  ill  some  incised  wounds,  and  thus  the  fact  is  eij^huned  that 
simple  division  is  a  less  serious  injury  than  a  grave  contusion. 

The  axis-cylinder  seems  thus  to  undergo  these  changes  as  a  whole, 
a1'  hough  we  know  that  it  is  a  group  of  fibrils.  But  we  have  seen  that 
the  conducting  substance  of  these  fibrils,  and  that  which  separates  it 
(and  may  be  conceived  as  analogous  to  the  myelin  around  the  whole 
axis-cylinder),  differ  but  slightly  in  consistence.   Both  are  nearly  fluid, 


^  See  Bowlby, '  Id  juries  and  Dbeatet  of  Nervfla,'  p.  S3L 


.1=  1  ?.:  "vr-a'v  ~   rr:  r"  '-■".'-•^.  C'Ar^i^  -ii»>r  i^*-r  in  wii.'»tiTatio!iin  a 

r- ---::_■.  .•=:r^.:'----j    •-.   -.•;.iior  irrjL.ial  iii^pinces  in  -wM^t  and  chv 
:•:..:-:.••«  ---.....-:.:..-_•  .i^.--.-  :^^i.^f rrT^i  :o  -he  Htui?  -sraw.aji'i  vet  the 

r^.^  :  '-.'■^.9.^.  ,  ' '.  ;i  ::ie  r-H^l^  ::  ui  wcn-e  rr.^Ji  ot  rbe  nacli?!  an-i 
-■.-..-  .i-^v.  -.:  -..:  .-.--.'-■:.  ..  r.  :i  -Jie  :*:i:ijj:  •iic-ments  of  whiv-li  :iu' 
.-■:-Ti"..i  •..-.-: :.».:.  .r-  [  >:3  :j_i  :.:.:!ir  .-  Ilie  dewnninirij  oau?*.' :-« 
'.  ■  •■    rrz)rr. ;'. :.-.  : :  ■  :.-r    '.-  i-.-z.'!.--  ^.:J.  "iie  :eIl-boiij  -jf  :lie  destni'jt;- ■:! 

•  =  '  -  »      ii. ■-.--■.•  -...-A^i-d  -[irr  irsrjnotir^  ^3^.ii  OE  the  pro:'Vui''-i 

•  .    .    :-    V:    -  j:-:    V4   ".:-.^    ::    ji£izm.L-»a.     Several  obst■rTr^^s 
li:>  :.^.-  >.:  .-.--^r  ::-i-:-::i-i  i  vir!i-i:^r:oiiot  Ie'i.:«>:vte3  in  the 
:-t^.-^-./        ".•.-.■.^:-.       'l^vic.    i:::   rT^a   in   :iie   nerve-^heath.    w'.'li 
';...-:'.i '.-...   .:';•.>     .■■■---'/■>      :?  :  1  jlLir.,?**  are.  in«ie».-'.l.  imenst- at 
?*.>:  A-:."^.--  '.^'^'.r.:^-.  '\^v:  :-:Jvv  LZ^  :le  "-:r^  bt:l..'W  the  lesion  varioa 
.'::.  i  '*..-;.-.*  V,  >.  :•     .  r.-.i.^.i  m  :  .i:  -jz  'c^  irimATv  process.     This  is 
a:.r:-.r:r  ,  .    .       -  <'.\'  .-.  •  -'.^  i-nc-—J.--  iV'  -hit  tA^  Nn7.j/ifet:/uira.-/?r 
or  tU  ..  •      .:  •.      •:-I/-V  "^;^'l".:"   ,    'i^  irr■M^re  na/urP  of  th^ 
irl. .  7rv  .  *  V.        \V  .  t:..,t  .•-   ::  ^-  I::.  ■'  ->a:  in  the  slighter  degr^a 
it  :^    rV     .      -  .-  ■        -,  ''  -r'.-    i^-^.  -  :•-  tp.-'p.^rtion  to  the  signs  of 
intl/l^■.^.■..:^.^  .  -     !  •  -"  ■    -  r'  ^T^  .-"'    Br:  :hi3  is  only  another  mode  of 
srat.M'  .r.^ '.   —.:'-■     •    ..-;:::•    ^..  ; -L-,  iniportanoe  ot  ihotransmis- 
si-.n    ?  *..         ..-:.■..•   J    ....  -V.'.iiVl-i-::  «  too  3tron;jrlv  insisted  ^'U. 

j ;.."  .       ......  -  ...  ■  V.  ■- ■ /rirri-  c-.v^irs  more  slowly  in  the 

r -.      /  -  .  .  .   ..I  V  r^.  fTill  slower  in  man.  in  whom  it 

i«;  T-:  ^    .      .  -    .,.•'.■•:-  does  not  oeour  until  U-twovn 

til-!-..         ..    r    '.,-...-      I-  i^  ■■'•:M:n  than  an  identical  process 

,,....•:►-  ^  .  ^    .    '...-• '/—i'.  nervr.'S  near  bedsores  and  in 

t!j.:  ;;:•}.  ..-  r.-.-.  -  l:.*1  V i."'.-.i- 1,  are  shown  in  Fig.  34,  a 

.  .11: :  r   •  .;.;  wl'.l  >':-  ■••V  the  identity  of  the  process. 

[•;.,;.  .'■'.  r  •-■''.•.r.  ".-  *■■•  l:^'i*i^''ii  of  a  nerve  in  man  the 

..:.,.....  ,;.  *   jj;:  ::i,^  most  comuiou  lesion  is, 

,,r   jjiVy...  ;>:  1  '":.-  i:-'-.'''->  of  degenorativni  is  tlms 

"»■.•*];■!:.'. :  :  ••!-.:  'iiO  primary  losion,  and  in  tim»»  as 

.    I    ,',:.,  ,..        ^  f;  ;  ,.-..r,Ms.>.  wiii^'h  are  chioHytlnjse  of  focal 

;...  ji]',.    -■,    .....  .  -.  /    1^.  tli.'  siiiic  as  that  wliicli  follows  s»-.- 

;;.,/,  >.i  :.  r.    ..        'I..-      '    ■   '••  ill  iniT;i].iiliiy.  wliioli  will  bo  more  fully 
•i*-.>.-!  ^  1  .;    •  ..  ..■■'.:   M.••^vlll|.^•:ll^.  is  a  slow  depression,  some- 

f}r:f  ■   fii','1.  ::,!.    i?;   'l-.i'*-.     '[  js'"  .|.|  •:  •■>-l"U  may  be   pnHvdt^l  by  an 

in-  -  I  .  I'"  ill  inv.i I. .;.'..      fri  su-li  -ms.s  ih.-n'  oan  bo  no   complete  bc^- 

j/j«  •  iiiaii-m  •.!'  th--  ii'i  v. -lil.n-s.     'I'li-re  must  l»o  a  gradual  alteration  in 

til*"   iiin!«'r'ul;ir  TiiitiiM'»ii  «'!'  1h«"  Jixis-cvlimlcr,  chanjjing  its  excitability. 

^'^-♦■M  in  si'vi'if  ivisf'S  llu*n»  is   imi  usually  a  sudden    loss    of   irrii;i- 

}ti  1  ity;  th.-  niir.'iil  ut'ccssiry  lor  stiiii illation  has  to  bo  made  stronger, 
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vntQ  at  last  in  seTen  or  eight  days  tlie  strongest  emdurable  current  f aila 
to  cattM  moscular  contra<!tion.  But  we  cannot  infer,  from  this  alone» 
tluit  tliere  is  an  actual  interruption  of  the  axig-cjlinder.  A  stronger 
Qorreut  might  still  excite  the  nerve,  because,  as  we  shall  presently  see, 
a  nerve  is  being  regenerated,  an  axia-cylinder  may  conduct,  and 

1  not  be  excitable  by  currents  of  ordinary  stroujrth. 

All  eerere  changes  in  the  nutrition  of  the  fibres  involve  the  intra- 
miscalar  nerve-endings  in  the  same  degree. •  The  evidence  of  this  is 
ihuLt  the  faradio  irritability  of  the  muscles  (which  depends  on  the 
BOi*vw  within  them)  presents  changes  quite  similar  to  those  of  the 
o^rre-trunk.  But  this  is  not  always  true  in  slight  changes  of  nutrition 
of  clie  nerre.  We  shall  presently  see  that  the  slight  alterations  of  irri- 
tmbiHtj  in  the  nerve  and  muscle  do  not  always  correspond.  The  nerves 
terminate  in  structures  of  special  nature,  and  these  may  well  have  some 
t&fClil degree  of  nutritional  independence. 

'Hiflia  secondaTy  destructive  changes  occur  in  the  peripheral  part  of 
the  dirided  nerve.  But  the  part  that  remains  continuous  with  the  cell 
does  BOi  always  preserve  a  normal  state.  Changes  occur  in  it,  eap*^- 
Cally  near  the  lesion,  whi<^  are  still  the  subject  of  study,  and  of  which 
most  be  known  before  their  si^nifioance  can  be  determined.     In 

dmded  nerre  the  changes,  which  are  mainly  those  of  ordinary* 
oft^a  incomplete,  d^eneratton  in  isolated  axis-cylinders,  affect  the 
omtnpetal  (sensory)  fibres  far  more  extensively  than  the  centrifugal. 
Lator  on  the  odls  connected  with  both  suffer,  the  nucleus  shrinking 
And  tbe  protoplasm  to  some  extent  becoming  disintegrated.! 

iUffiufratiim  may  occur  in  the  nerve  after  the  degeneration  is  oyer. 
It  is  a  slow  procfiss,  occupying  the  second,  third,  and  fourth  month 
miiet  divisiozL  According  to  Ranvier,  and  as  Waller  thought,  it  occurs 
ahnsjB  by  the  growth  of  new  axis-cylinders  from  the  central  end  of  the 
aerf8  (see  Fig.  33,  K  and  L),  which  ultimately  become  covered  with 
myelin.  One  or  more  new  fibres  may  spring  from  each  central  fibre, 
■lid  tjhes^  may  subdivide.  All  are  enclosed  in  a  sheath  which  is  con- 
fanff^  with  that  of  the  central  end  (Fig.  33,  K,  #.).  We  must  assume 
dmi  ooly  some  of  these  asis-cylinders  persist  and  achieve  fimctional 
ice.  But  the  whole  of  this  subject  needs  re- investigation  in 
Sglkt  of  the  multiple  constitution  of  the  axis-cylinder. J  Some- 
tlxiMa  tliese  fibres  twist  about,  and  even  tnm  back  and  grow  upwards, 
fffolmblj  in  the  direction  of  least  resistance.    In  animals  new  fibres 

Mly  dworibcd  and   fle:Qrrd  bj  Btb^  and  Mu-inesco,  *  Bshe**   A  tins   PaUu 

Ncrvst}«7«totD«,'  part  i. 
SmBobso.  '  Ziecter'i  Beiu-Sgf*/  viii.  snd  '  BAboc*  Atk«.'  |jikrt  2.    R.  A.  Fleminj[r 
f  BriL  Hsd.  Joarti  /  1896,  li,  p.  PIS)  Uvs  (cr<*at  Btrots  on  the  dtfj^«neratio»  of  the 
(w^t^moiot  7)  Abrva  Aln^ve  llie   leaiun,  and  deicribe*  aha  a  <*on«idenble  caii« 
if  tiiwa  ovrrgrowth  tu  thi!  Mine  \mru 

1W  yiiubl  ftflSWtl  of  tbSM  fibrilUrf  conduetinir  putbi  cannot  b«  AMertatned 
•ad  ia  IBSa  lb«  amoonfeof  datna^r  that  i»  renew «1  ia  fur  amaUer.     Pact* 
nfardia^  miuQte  diflterenUal  locallaatioQ  after  recovery  frttat  «n  injury, 
vhh  ths  noroiaU 
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oT^^^^^  ^^'^'igli  a  considerable  extent  of  cicatricial  titaue  between 
-be  diTided  ends  of  a  nerve,  but  in  man  it  ia  doubtful  whether  i«geD»* 
tion  of  a  divided  nerve  occurs  unless  the  extremities  are  brought  in 
^^^t,  or  at  least  dose  proximity.    Some  inveatigatora  believe  that 
™^  18  a  formation  of  fibres  in  the  peripheral  extremity  independ- 
ently of  the  growth  of  new  fibres  from  the  central  end-*     In  caae«  of 
8  ght  injury ^^  regeneration  occurs  more  readily  ;  in  these  it  is  probable, 
*8  we  have  just  seen,  that  degeneration  has  been  incomplete.     Ilia 
rogonerated  nerve- fibres  regain  some  conducting  power  while  they  are 
™l  much  narrower  than  normal,  and  before  they  can  be  excited  bt 
electricity.f 

uscles, — The  degeneration  of  the  motor  nerves  is   attended   by 

angea  in  the  nutrition  of  the  muscles.     These  commence  in  or  after 

e  second  week.     The  muscular  fibres  become  narrower,  and  may  be 

'^uced,  ultimately,  to  one  third  of  their  former  width.     An  increas«^  ia 

<lth  has  been  said  to  precede  the  narrowing  for  a  few  days.  J     The 

"'^•tis verse  striation  becomes  less  distinct,  and  the  strifle  seem  to  be  neiirer 

gether  than  in  health.     The  fibres  may  become  cloudy  or  grannkir, 

*io  not  present  actual  fatty  defeneration  except  in  aome  very  acute 

cases.     If  HQ  regeneration  of  the  nerve  takes  place,  the  transverse 

at  ion  gradually  disappears,  and  may  be  replaced  by  a  longitudinal 

^^^tion,  or  the  fibres  may  undergo  certain  chemical  changes,  and  pre^ 

ent  a   peculiar  glassy  appearance,  which  has  been  called  "vitreuui 

j«-  ^-  Neumann.  Mayer^  &c.    A  fall  abstract  of  their  obterrafciona  it  ffiven  bt 

fo^i'al   ^^^'  *^^*'*^*  ""^   ■^■**  ^y  ^''*'"  ^^^^  *°  ^*'°  Miadletoii  Ooldsmlth  Lccturts 

c  \iiA       ^  ^^^  ^^^^  ^^^'  *^'^<*°"^*'   F«"*ruarv,   1887)»     Uy  aome   the  new  •xif 

otl  '      *"*  **'^®  *«i«l  lo  be  ftirined  by  eloui^atiot)  of  tbo  fragineDti  of  the  old  azit ;  by 

otl'*^»'*  '''^™  '^^  nuclei  of  the  ilieatli  of  Scliwunn.  bnt  th<»e  have  bt?eu  foiitu!  by 

c     !f*i^  *"^*  ^^  I*'*  ^'^  reir**iier,aioii  (vou  Notthift,  Me  beloir).     Dot  flatnictr'a 

*'  ul  »nvestitfntion«  hjivo  Ijccn  fully  confinned  by  th«  mioate  reMurohesof  Vaoliur 

('Z*^*^^'   ?®   Btolojfie,'   1885).   atid    by    the  more   recent   i-tppntticMi*    of    Str»«^^ 

V      'eiflyr\    BeitrS^*    1893).  and  It  ia   difficult  to  understand  that  perfect  ai'»- 

*"*  «>^   •hould   be  formed  aiui  reiri/iin   um*tfitftble,  as  the   veripbtfml  aeipn  ul 

f  »i«t»ly  dae».     Btructure*  mny  ha  formed  regemblinp  axii-eyUndert  that  afe  not 

y  capable  of  the  }»roper  fiuictina.     The  weight  of  RanvioK'i  and  improved  and 

imrmed  obHtrvntiona  U  very  threat.     Hi«  couchiaion  ihat  there  b  no  discontinn'^ui 

:^*^ion   of  flbret  ha.^  been  also  confirmed  by  von  Notttiaft  (*  Z^itach,  f.  Zhh.I,/ 

\   (B      **"*'  '*^*      ^^  ^*  pt»«»Vblt'  thiit  the  proceae,  in  the  peripheral  piirt  of  a  nerve,  b 

*"nnenced  by   the  rotiDeotion  with   other    nervea   and  the  recurf^-ot   lufltMDCe  of 

t  2iegler«  in  n  recent  paper  (•  Arch.  f.  klin.  Chimrg,/  1896),  reassert*  the  ul  a»,. 
^Oed  r'mw  that  the  old  aKi«*oylinJ«3r  playi  no  part  in  regenention,  the  active  eci-dt 
**»  which  ii  a  onclot^tod  protoplasm  witich  he  etatc*  to  be  an  oatgrowth  of  the 
^^ttt  of  ScliwanD  (thit  proltahly  refers  to  the  protoplasm  mentioned  on  p.  5U). 
'foisi  thii  he  de«cribe«  the  d«veIopu)'*.it  of  a  priin<»ry  protoplaetfoic  fibre,  Iroia 
***hh  are  dilTerentinted  not  only  a  n«w  «xii»*t'yliiider  but  alio  a  new  ebeatli  el 
Schwann  and  roedullnry  anhstiince.  Thie  new  aii»-tylinder  !•  ultimately  joinoi  to 
the  oJd  atomp.     Tbeee  itat^mentB  Imve  not  a«  yet  received  eooflnnatim  hj  *Akm 


o*«^v^ri. 
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feaenatioiL"  During  the  progress  of  the  changes  in  the  fihres,  the 
nticlri  of  the  B^rcolemniA  and  of  the  interstitial  tissue  are  increased  in 
number,  and  deyelop  into  fibrous  tissue,  so  that  ultimately  the  muscular 
are  separated  bj  considerable  tracts  of  connectiTe  tissue,  and  a 
cf  cirrhocis  results.  If  regeneration  of  the  nerve  occurs  the 
ohangee  are  arrested,  and  the  normal  condition  is  slowlj  n 
itarsd.  When  recorery  of  the  nerve  is  slow,  and  the  secondary  process 
m  the  muscle  conHidomble,  the  fibres  remain  small,  the  amount  of  con> 
m  tissue  is  permanently  increased,  but  undergoes  contraction,  sn 
tbe  muscle  is  for  a  long  time  smaller  than  normal,  and  its  natural 
bolk  may  nerer  be  regained.  If  no  regeneration  of  the  nerve  occurs, 
tJie  mttscolar  fibres  gradually  disappear ;  fibrous  tissue  takes  their 
plftcie,  and,  slowly  contracting,  permanent  shortening  may  result. 
SiiiillAr  shorteuing  sometimes  occurs  when  there  is  partial  recovery  of 
tlii^  uerre  and  muscle.  In  most  lesions  of  nerves,  other  than  actual 
divinon,  some  fibres  recover,  even  though  others  are  pei-manently 
destroyed.  The  muscular  degeneration  is  the  result  of  that  of  the 
oeiTBS,  as  described  at  pp.  66,  67. 


SncPTOXS  OF  NsBTS  Injitrt  xwd  Deobnkration. — The  symptoms 
that  attend  the  lesions  of  motor  nerves  and  the  consequent  degene- 
ratioii  are  of  great  importance.  The  lesion  of  the  nerve  causes  para- 
lyms  of  the  muscles  supplied  by  it,  due  to,  and  in  proportion  to, 
the   intrrferenoe  with  the  conducting    power  of    the  nerve.      The 
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^o.  35. — Type  of  deR«n«iitive  retx^tion  fn  a  ease  of  oerve-ltijtiry  of  mode- 
r»U  •vvcritj.  (After  Erb.)  Muscle  Irritmbility  lowend  from  middle  of 
Ar*t  mtrk  ;  fAT^dtc,  extinct  bi  iniddl«  of  third,  retppeftring  in  ninth  { 
*altaio,  iocreaMd  front  middle  of  Mcond  week  until  tenth,  then  de> 
«Qtil  fonrtMnth.  Neiire  irritjibility  (rh&nged  ■like  to  bot^i 
«arr»iiU>  U  lowered  from  middlD  of  6r«t  week,  lo«t  at  end  of  tecond, 
fvifi|pc«rinf  et  itsveoth.     Power  lo«t  ontil  end  of  fifth  w€ek. 

at  once  become  flabby  from  loss  of  tone,  and  to  this  atony 
vmsting  ia  added  in  the  coarse  of  a  few  weeks.     The  wasting 
dD9  to  the  rtxi action  in  size  of  the  muscular  fibres.     If  the  sensory 
aio  not   interrupted,  the  mnsoles  become  tender  to  the 
pain  ia  caused  by  their  strong  contraction,  due  probably  to 
tbft  «ffMl  of  ialerstitml  inilammation  on  the  sensoty  nerves,  which  end 
Urn  eomiertiTe  tissue. 

important  symptoms  are  those  that  are  afforded  by  eleo- 


I  lid  »iiiltiaUoa  of  the  mtuclea  and  nerros,  slnoe  thej  enable  the 
tliwWHUtJTfl  oJiA&goa  to  be  ascertained  and  followed  during  life.*  Tb^ 
altinilio&t  1&  tli0  eli>ctr!cal  reiiction^  consequent  on  tids  degeoeratiun, 
ImvuluMMi  rvlrviid/  brieflj  mentioned  {p.  29),  but  must  now  be  described 
IM  kfrt'jfcttH'  dt*JaiL  The  rapid  degeiiei:atioii  of  a  nerve,  which  follows  a 
•ovoit*  lf*i(io<it  i»  ftiieniled  bj  a  loss  of  irritabOitj  on  electrical  stimula- 
tlMiii  tht>  liiitM  being  the  same  to  faradism  and  Toltaism.  After  such 
h^aiattP  li"  'i-ni  i'oniinon  in  maji— neuritiB,  for  instance,— there  ia  no 
■  iMlilttti  lu«i,  inch  an  occurs  after  injury  of  a  nerr©  in  aoi  ammal,  when  the 
Hi'i  ¥<»  iHmonu**  ne^'^uientedt  but  there  is  a  more  or  less  rapid  diminution 
hI*  (ti*U(jil«ili(y,  and  thia  goes  on  untO  no  stimulation  can  be  produced, 
*  von  Uy  a  niroug  current-  The  progressive  cbanges  in  irritability  may 
lii»  iHJUvmiiontlj  represented  on  a  chart.  Fig.  35  shows  the  typic^ 
i4Hirw  of  tht^  ivlmn^'ea  of  irritability  in  a  ca^e  of  modcrat-e  severity:  In 
(hu  aumi^li'  (M)  A  f»ill  of  irritability  (due  to  the  de^neiation  in  tbe 
uiii  VII  ni^*lliih'*«)  occura  simultaneously  with  that  in  the  nerre-trunk  (K), 
n\ui  (b'l  furu<lic  ffxtut^iMlity  becomes  extinct  at  the  same  time  in  both 
linrvit  fiitil  iiiiiKclo.  Tbe  fall  in  Toltaic  irritability  is  quickly  arrested 
ly  |vIm»  *4irmK**  4ri  tlu^  muscular  fibres,  throngh  which  they  soon  become 
iiMfi'H  idf'llivMo  timit  normal  to  the  Toltaie  current.  This  change  usuallv 
ni^nUN  iliii'IfiK  iht^  BL<cond  week,  and  the  irritability  continues  to  increase 
ibirltm  tlw*  ilnrd  luul  fourth  weeks.  At  it4  maximum  it  may  amount 
Ut  lUnm,  four,  or  fiv«  i>MA  of  the  battery,  i,e.  contraction  can  be 
itbtnitu**!  In  tilt*  paralysf^d  muscles  with  a  current  weaker  by  so  many 
I '<<)]«  lltMii  In  iint^mitarv  to  cause  contraction  in  a  corresponding  tm- 
M  (Ti  M  a.1'1 1  I  tart.  The  f  n  rtlu^r  course  of  the  changes  in  irritability  depends 
tHi  1b«  w* purity  <>f  tbe  li^sion  and  the  intensity  of  the  degeneration.  In 
t)  mm*  *i^  inrnl*M7tki  diigrife,  such  as  is  shown  on  the  chart,  nerve  irrita- 
hlllf.>  r(*a[»fiMMi'w  itbout  the  end  of  the  second  month,  usually  after  some 
V 1 1  Im  li  I H*  y  I  <«  ►  w  <  r  J  M  r**K'ai  iicd,  It  is  at  first  low,  so  that  a  strong  current 
u  rwi|ulr0d.  It  gradually  increases,  but  for  a  long  time  continues  a 
lillltt  bulow  the  normal  degree.  This  return  of  nerve  irritabiliiy  is 
*uM»iill|»i*iilt«l  by  a  corresponding  return  of  faradic  irritability  in  the 
iHU«nliti4  (i.a.  In  the  intra-muscular  nerves).  The  increase  of  voltaic 
n  ril.*».l»illly  oftuii  jiorsists  long  after  recovery  of  power,  but  it  lessens 
14  I'aiwlio  Irritability  returns,  and,  as  shown  in  the  chart,  it  may  fall 
ImiIow  (hu  luirinal  before  it  ultimately  regains  its  original  degree. 

HIight  uhftiiges  in  irritability  can  be  ascertained  only  by  a  comparison 
kv  ll,h  f  h«  oorrwuponding  part  on  the  other  side  in  the  same  individual. 
Mormjvui',  whon  wo  Mpeak  of  excitability  being  "lost,"  we  mean  that 
yvii  mu  «»blaln  no  dtimuhition  by  any  strength  of  current  that  can  be 
I M  .1110.  'I'hu  soniiiti vonoss  of  the  skin  varies  in  different  persons  and  in 
.lilt«reut  parts.   The  resistance  of  the  skin  also  varies  j  the  greater  it  is 

•  Vmv  m  (mrefiil  fkm\y\»  of  abnormal  electrical  reactions  in  muscle  and  nerve  see 
l»..ui».ur,  '  Hiillutlil  Omu.  de  la  8oo.  fran^.  d  Electrotherapie,*  1897.  The  author  lays 
»..|»uv>Ul  tlvvM  on  tha  Importance  of  recording  the  nature  of  the  excitation  and  the 
I  har»i»t«r  or  thiJ  111 uicle-ourve  produced. 
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1^  ilmigar  must  be  the  current  used  to  secure  tbe  action  on  the  nerves 
below*  Hence  the  importanoe  of  aecertamiog  what  current  is  actually 
pMwng  hj  the  use  of  a  galTanometer.  It  ma^  be  used  once  to  gain  in- 
fomai^on  as  to  the  eigni^cance  of  the  number  of  eella  that  constitutes 
ibm  eiidenoe  of  the  diflference  between  the  two  sides  when  the  sensitive- 
uen  to  the  pain  which  b  caused  prevents  ike  use  of  the  instrument  In 
all  nieasarenients. 

If  the  lesion  is  Terr  severe,  so  that  there  is  no  recovery,  and  no  re- 
gciMmtioa  of  the  nerve,  the  loss  of  nerve  irritability,  and  of  the 
f«ra<iiie  muscular  irritability,  is  permanenL  The  increase  in  voltaio 
trriti^ilitr  persists  for  months,  and  then  graduaUy  falls  as  the 
muscular  fibres  waste,  and  becomes  lower  and  lower  (see  Fig,  2$), 
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Fid,  96.— Tjrpe  of  renctton  in  «  cue  of  emnplete  and  pemmnent  damtire  to 
•  nierve,  (After  Erb.)  Kurly  eouriie  u  in  the  Inst  dijigrniu  ;  no  retunj  of 
Mver,  nerve  irritubilitj*  or  faradic  irriubility  in  the  tDoacle.  The  early 
tDcnvM^e  i»  voltaic  irritabilitjr  K^adnally  leasena,  and  at  tbo  end  of  X^w 
vonUia  falia  b^'low  tbe  normal,  but  i«  not  extinct  until  nearly  two  yearn. 

In  thj«  and  tbo  follow  in-j  ftjrures  tij«  uordial  dejcrrce  of  irritnbiliiy  (aacer* 
,1  from  tli«  bfa.ili>  tide)  it  represented  l>y  the  finely  dotted 
r  HiUit  line  («t.^.)  :  laradic  irritability^,  P.  by  a  line  of  larger  dot8| 
Toltaic  iTTitiiliilJ<y,  V,  by  a  broken  llnej  M,  muscle;  N,  ntrx'H  j  P, 
power  nf  Tnjiuitary  contraction,  its  degree  fhown  by  the  verticiil  lineij 
tib*  aaterttk  niarki  the  oc<^u^Tence  of  the  lesion.  Thct  verticiil  dimioni 
iiMip<ttt  Iboa  Intirvala.  (Many  ol  tbeae  iudicattng^  letu-ra  are  given 
oalj  IB  Mheeqotfnt  flgona.) 

ttntll  ultimAtely  no  reaction  can  be  obtained,  the  fibres  having  perished. 
It  does  itot  become  extinct  until  at  least  &  year  has  elapsed,  and  some- 
tunas  (fts  in  the  chart)  only  towards  the  end  of  the  second  year. 
Otien,  wben  no  contraction  can  be  produced  on  the  first  attempt,  after 
ipo  or  three  applications,  distinct  contractions  are  obtained. 

The  changes  we  have  hitherto  oonsiderod  are  in  the  d^et  of  irrita* 
biUty,  "  quantitative  *'  changes.  But  the  quantitative  increase  in  the 
mmenlar  iiritabUity  is  often  accompanied  by  a  chan;;e  in  the  order  of 
•leeording  to  the  pole  that  is  applied  and  the  strength  of 
qnalitAtive"  or  '*  jHilar  "  change.  We  have  already  con- 
its  general  characters  (p.  31),  and  have  seen  that  it  consists 
undue  readiness  of  response  at  the  positive  pole  (anode)  oom- 
pu«d  %rilh  th&t  at  the  negative  \m}\  (kathode)  (Fig.  37,  B  and  0), 
sit  being  normally  the  more  ^nsitive  to  the  latter  (Fig,  37,  A). 
CL  for  th#^  closure  of  the  <arcuit,  O.  for  its  opening,  and  C. 
oootnietion,  the  normal  reaction 
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91a.  SJ.-'Trmfin^ft  of  the  ■iiii*«hf  eonink^iont  In  tterri*  dttfCvfiCnUicia*  (AfUr 
Krb|  ifd,  katlhMlii]  ekMOfe  eo<itr«ctioo ;  ^«,  »u*m1»i1  flomirt  «oat7«cti*>ti. 
▲,  tnrintr  in  UisftUh  ;  Ka  niiu:b  ttping-er  thAn  Am  ;  eootTftctiofis  mddttii.  fi, 
tfsdnif  iQ  rimre'degeitiirntion  with  moderate  rurr^nc.  Am  mofilk  greater 
than  ha,  tht  Utter  ftcftn-el^f  visible.  Oyntnriitm  slower,  shown  ht  the  \aof 
»U>jnng  iiytriik*;.  C.  the  •Aine.  with  n  stfonfirer  etirreoU  f«  (rrv^tcr.  Inil 
«ttl]  Iras  tli»a  Am  i  the  slow  chnraM;t«r  of  the  eootimcfcton  &nd  ita  ioug  dumtion 
««lt  marked, 

oontraction,  the  movemetit  is  diatinctlj  lon^r  in  reaching  iU  maximiii» 
Bur]  Ioniser  in  iU  duration  The  recognition  of  this  feature  is  easj^ 
ftod  ofUm  of  pmctioal  importanoe  when  there  is  doubt  whether  th#- 
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Toltaic  cuiT«!iit  IB  acfing  througli  the  nerve-twi^»B,  or  on  the  muscTilar 
fibres  themselves.  Sometimes  a  slight  abnormal  tetanic  contraction 
during  the  passage  of  the  current  also  occurs,  Ihiring  the  period  of 
increaBed  voltaic  irritability  the  mechanical  excitabiEty  of  the  fibres  is 
often  increased.  If  they  are  directly  percussed,  they  respond  with  a 
distinct  slow  contraction  (Erb). 

Such  are  the  chanj^s  in  irritability  which  occur  in  cases  of  nerve- 
lesion  and  degeneration  of  moderate  and  considerable  degrees  of 
aeverity.  Certain  variations  are  occasionally  met  with»  and  these 
occur  especially  in  cases  of  neuritis  of  slight  degree.  In  severe  cases 
the  fall  in  nerve  irritability,  which  usually  commences  in  the  middle  of 
the  first  week,  may  not  take  place  until  the  end  of  this  week,  although 
it  may  then  progress  bo  rapidly  that  no  response  to  stimulation  can  be 
obtained  at  the  end  of  the  second  week.  An  example  of  this  is  shown 
in  Fig.  38.*  The  same  chart,  and  some  of  those  that  follow  it,  illus- 
trate another  very  common  variation  from  the  type  above  described. 
There  may  be  no  fall  in  the  voltaic  excitability  of  the  muscles  before 
the  commencement  of  the  degenerative  increase.  Indeed,  this  initial 
fall  18  as  often  absent  as  present.  The  change  in  the  nutrition  of  the 
muscle  may  then  coincide  with,  instead  of  succeeding,  the  degeneration 
of  the  nerve-endings  (Figs.  38,  4^).  Sometimes,  if  the  deg^eneration  is 
rapid,  there  is  an  interval  of  a  few  days  before  the  secondary  changes 
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FiO*  8S. — Severe  nenrlttH,  pnfitlyaU  coTuplito  for  montlis;  recivery  imper- 
fect, liritubility  of  nerve  uoririul  during  first  we«?k  j  ft-ll  rapidly  durinn:  the 
secoiii^ ;  lost  nt  its  vin^e*  Siiuultxneouft  iuoroose  in  voltiiic  irrttabtlit;.  The 
dlviiMotifl  on  the  Ifft  iide  repres^-nt  cells  ot  tht!  voltaic  battery,  and  lialf. 
wiitimetres  of  tie  secondary  coil  of  StOhrui-'i  induction  *ppftrfltii»,  in  thli  and 
fcli«  fllnwinp  ehari«. 

Fio.  30  —  Sliarht  neuritis  j  iliigbt  return  of  power  on  seventh  diiy,  ilonly  m- 
creasinp;  norronl  in  fitth  week.  Muscle:  farudie  irntjibility  ]pis»t'ning  frona 
fourtli  "ii'y,  lost  on  fliteenih,  rt-MppeHriug  nn  twentieth.  V<*hnic  irrirnbility 
nortnal  till  twelfth  day,  then  auj^^mviited.  >srvetrunk:  lowered  fron»  Tourth 
day  without  in  t'nl  increeise,  reuppeariiig  ou  tWcnty'tbird  duy;  chungeil  alike  t** 
fnrMdiflm  and  voltutsm. 

in  the  muscle  have  reached  the  degree  neceaaary  to  produce  increased 
irritability.  In  a  slight  degree  of  degeneration  the  increase  in  the 
voltaic  irritability  of  the  raiisclea  may  be  postponed  for  a  week  or  more 
mfter  the  nerve  irritability  begins  to  fall,  and  until  the  riee  occurs  tlie 


*  ThiM  auJ  the  following  eb.irts  are  from  cases  of  neuritia  of  thi  facial  DervOi 
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.—s^iunrr  of  tbB  muscles  may  remain  normal,  even  when  tlieSr 
-^^Aiiirr  f  aQs  with  that  of  the  nerve-trunk.    An  instance  of 

irt6on  is  vwy  8l>8:^*  ^  degree,  the  fall  in  nerve  irritft- 
ofhi  bva  liiei  which  may  be  far  greater  in  degree  than 
the  subsequent  falL  In  slight 
cases  the  fall  may  indeed  be  not 
only  slight,  it  may  be  altogether 
absent,  so  that  the  rise  consti- 
tutes the  only  symptom.  This 
initial  increase  in  irritability  is 
important  as  the  manifestation 
of  the  slightest  degree  of  altera- 
tion in  the  nutrition  of  nerve- 
noi  entirely  fibres.*    It  may  last  for  a  few 


^V^^jw   ^11*:  »i«"ng  tl  e  ^  g  Qj  for  two  weeks  (Pig.  40), 
**  "^^x  rS^  ^d  con-  and  I  have  once  known  it  to  con- 


^««  iiriubility 


tinue  for  five  weeks  (Fig.  41), 
Although  the  change  in  irrita- 
bility of  the  nerve  is  usually 
the  same  to  both  currents,  a 
V  '^w  ruW  is  presented  by  the  increase  in  irritability 
''^'***'^  '       j^ji0  change  is  not  always  quite  equal  to 


4.         ^»«.— 
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*  ti*»  qn\c\  recovery  of  power  dnrincr  tliird  and  fourth 

vi^.>*M»ii'«  ^  .^  mtt*clei  present  at  the  end  of  the  second  week, 

^*''*   *'?a»tH^'**'"*  *"  flipht  dctrree  until  tlie  fourth  month. 

.-j*ik  ■  •»•   _^  .^^  irntftbility  in  the  nerve-trunk  at  the  end  of  the 

■  •  '**     *'"'**J1  x^  th*  faradic  shock  (crosses),  and  lasting  until  the 

.    -^^  j^nd  it  is  frequently  much  more  marked  to 

.*  Vvk.*  thau  it  is  to  either  the  voltaic  current  or  the 

'.     v^^»|^4  that  constitutes  the  faradic?  current.     This 

*  .  .l\  in  tV-  ^^'  ^^^^^  ^^  ^^^^  degree  in  Fig.  43.     In 

'I',  »^^y  to  the  two  currents  was  the  same;  in  the 

^     V*     I  ^'a»  distinctly  the  p^reater.     T  have  once  met 

i'«     \wt  and  prolonged  diniinutiiui  in  faradic  irrita- 

'    "  .  -o  oould  be  found  to  voltaism  (see  Fig.  42). 

^  Mith  i"  come  centrul  diHeases,  a»  chore  i  and  paralysia 
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LesseBed  irritability  to  faradism  with  distinct  increase  to  voltaism  lias 
been  observed  in  an  ulnar  nerve,  the  seat  of  traumatic  paralyBie 
(Bernhardt).  In  one  case  of  extensive  peripheral  neuritis  of  obscure 
toiic  origin,  in  which  the  face  on  both  sides  was  paralysed  for  a  time — 
m  peculiar  nutritional  change  in  the  nerves,  where  the  action  of  the 
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Fig.  42.— ^Slijcht  tieuritis :  power  reg^nlticd  dnrinij'  the  sccvunri  week, 
DeikT.  react,  in  mute  tie  di»tinii  on  eiji^bth  day,  l&*«<"nin^  dnritur  mrond 
«nd  tliird  weeka.     N<?r^'e'  lowered  faradif^,  nornml  vohnic  irritsiliiitty. 

Fjo.  43, — Very  sliglit  nenritii.  No  i  hftoj^u  in  muac alar  irritability  :  irri- 
tability of  n^rve-tniuk  increased  from  fourtU  toeigbtb  day,  moBbto  farodio 
•hwfc  (crciB««a).  Ieiv*t  bo  fariidic  corrent. 

toxic  agent  was  less  than  at  their  extremities^  and  made  the  nerves  in- 
aensitive  to  the  momentary  induced  current, — the  voltaic  excitability  of 
the  facial  nerves  was  not  lessened,  although  faradic  irritability  was  lost 
to  such  a  current  as  could  be  borne. 

The  electrical  eicitability  of  a  nerve  and  its  power  of  conduction 
are  naually  lost  together.  But  when  a  nerve  ia  recovering  from  a 
local  lesion,  and  regeuei-ation  is  in  progfress  below,  some  power  of 
conducting  the  impulse  that  is  excited  above  the  lesion  may  return  in 
the  peripheral  portion  before  it  becomes  excitable  by  any  form  of 
electricity.  This  is  true  of  the  impulse  from  the  brain,  and  that  extiterl 
by  electricity.  This  seems  to  show  that  the  nerve-fibres  can  conduct — 
that  is,  pass  on  the  nerve-force  they  receive  as  such,  before  they  can 
produce  nenre-energy  in  response  to  the  influence  of  a  *'  stimulating  " 
force  acting  on  them.  Another  rare  anomalous  condition  has  been 
noted  by  Bernhardt  and  Orlinberg  in  cases  of  rei!eat  nerve  injury. 
When  the  lesion  arrests  all  conduction  of  the  voluntary  stimulus  a 
Strong  faradic  stimulation  of  the  nerve  above  the  lesion  may  still  cause 
slight  contraction  in  the  paralysed  muscles. 

Eecovery  of  the  nerve  is  attendtid  by  gradual  restoration  of  power 
over  the  muscles,  the  nutrition  of  which  slowly  improves  ;  but  if  the 
ing  has  been  considerable,  a  long  tim.e  elapses  before  they  regain 
'their  normal  size.  Indeed,  as  already  stated,  they  may  be  always 
somewhat  smaller  thau  the  corresponding  muscles  on  the  unaffected 
aide.  Curious  secondary  spasmodic  symptoms  are  common  after  palsy 
jd  the  fadal  nerve  {q.  v.)— contractures,  spontaneous  contractions,  and 
kted  over-action  of  different  muscles.  The  last  is  very  rarely  met 
with  after  palsy  of  the  nerves   of  the  limbs,  but  coarse,  fibrillary. 
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muflcnW  contractioiw,  and  a  tendencj  to  cramp,  ara  not  mifiommon, 
and  may  persist  for  jeara.     (See  also  Neuritis.) 

Senary  symptoms  also  result  from  lesions  of  the  nerves  that  eontaia 
aeiiBory  fibres.    The  mtemiption  of  the  fibres  arrests  condaction,  and 
caoses  loss  of  sensation  in  the  part  supplied  by  the  nerre.  just  as  it 
causes  motor  palsy.    But  a  slight  lesion  of  a  mixed  nerre  may  cause 
persistent  muscular  paralysis,  and  sensation  be  unaffected*  or  im paired 
only  in  slight  degree  and  for  a  short  time.     This  result  is  so  frequent 
that  we  cannot  ascribe  it  to  a  difTerence  in  the  relative  damage  to  the 
motor  and  sensory  fibres.    It  must  be  due  either  to  the  fact  that  the 
sensory  fibres  recover  more  readily,  or  that  a  slight  degree  of  conduction 
may  suffice  for  the  stimulation  of  the  sensoxy  centres  in  the  brain  and 
not  for  that  of  the  muscular  fibres.    There  is  also  a  third  hypothesis, 
and  that  is  a  difference  in  the  sensory  and  motor  impulses  in  phf  gio> 
lo^cal  character.*    In  another  class  of  cases,  however,  we  must  seek 
a  different  explanation  of  the  persistence  of  sensibility  in  the  area 
supplied  by  the  nerve.    There  may  be  no  loss  even  when  a  nerve  is 
completely  divided.     This  is  observed  chiefly  near  the  extremity  of  a 
limb.     It  can  only  be  explained  by  what  is  termed  "  recurrent  sen- 
sibility."    Ajia«t<jm08e8  exist  between  the  terminal  fibres  of  different 
nerve-trunks,  and  it  would  seem  that  this  contiguity  of  sensory  fibres 
s '  I  ffices  for  conduction.    Individual  differences  are  seen  to  exist  in  this. 
Thus,  of  two  persons  in  whom  the  ulnar  nerve  at  the  wrist  has  been 
divided,  one  may  have  total  anaesthesia  in  the  fingers  supplied  by  the 
nerve,  and  in  the  other  there  may  be  little  or  no  loss. 

The  peripheral  segments  of  the  sensory  fibres  d^enerate,  lUce  the 
motor  nerves.  We  cannot  test  them^  and  ascertain  the  degeneration 
in  the  same  way,  at  least  in  severe  lesions,  because  their  stimulatiott 
cannot  be  perceived.  Nevertheless  an  altered  polar  reaction  has  been 
o 'Served  in  slight  cases,  analu^^ou^  to  that  which  occurs  in  the 
muscles.  A  sensation  is  produced  with  the  positive  voltaic  pole  by 
a  weaker  current  than  is  required  with  the  negative  pole.  In  some 
cases  of  nerve  injury  and  neuritis  a  delay  in  conduction  of  pain  naav  be 
observed. 

Increased  and  disordered  sensitiveness  in  the  area  of  distribution  of 
the  nerve,  with  or  without  spontaneous  pain,  is  very  common  in  cases 
of  partial  lesions  of  nerves.  It  must  be  referred  to  the  morbid  changes 
in  their  fibres,  alterations  in  the  nutrition  of  the  axis-cylinder  or  nerve- 
endings,  probably  analogous  to  the  slight  changes  in  the  motor  nerves 
which  increase  their  excitability.  Pain  and  tenderness  of  the  nerve- 
trunk  are  also  frequent  in  the  same  cases,  due  no  doubt  to  the  increased 
sensitiveness  of  the  "  nervi  nervorum  "  distributed  in  the  sheath*  The 
sheath  of  each  nerve  is  part  of  the  disdribution  of  its  own  fibx^,  and 
those  that  end  in  the  sheath  seem  tu  be  very  readily  deranged.  We 
shall  see  the  importance  of  this  consideration  in  relation  to  neuritis  and 

'%w  <  tpcrimouta  of  L<Mjdentm  (*  ZeiUchr.  f.  klia.  Med.,'  Bd.  iii)  laerely  conflroi 
rvel  fftct,  aud  do  not  rcuUy  explain  it^  s»  he  aad  others  IttiVti  i 
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llie  pains,  both  local  and  distant*  are  sometimes  rerj 
and  persistent. 

Adion. — ^All  lesions  of  nerres  abolish  reflex  action  in  the  area 
Iha  distnbntion  of  the  nerve  affected,  except  those  that  involve 
•light  a  change  as  to  canse  increased  sensitiTcness.  Mjotatic  irri- 
tebSttj  is  also  lost,  from  damage  to  either  the  motor  or  sensory  fibres 
ooaeemed,  and  this  loss  mar  persist  long  after  the  other  STroptoms. 
y!aMa-wt>aUr  and  trophic  digtttrbaiice  is  a  common  cou sequence  of 
kt  of  nerves.  It  is  most  severe  in  those  that  are  inflammatory  in 
part  or  altogether.  The  vaso-motor  nerves  run  in  the  mixed  nerve- 
ifimfci;.  and  suffer  with  the  other  fibres.  The  general  character  of  the 
diitiiirb&nce  has  alreadj  been  described  (p.  27).  When  the  lesion  is 
and  irritative,  vascular  dilatation  and  an  increase  of  temperature 
»t  first,  and  are  followed  by  passive  hypereemia  and  lowered  tem- 
pentura.  There  may  be  oedema,  and  an  increased  secretion  of  sweat. 
Tbe  diftiiges  in  the  sldn,  acute  and  chronic,  are  those  that  have  been 
mlready  described.  *'  Glossy  skin,"  red,  smooth,  and  thin,  is  especially 
eoattton,  and  is  frequently  accompanied  by  atrophy  of  the  subcutaneous 
tiwQe,  and  perhaps  of  the  bone,  so  that  the  finger-tips  become  narrow, 
ptoimt  an  aspect  that  is  very  cliaroct^nstic.  Burning  pain,  with 
often  accompanies  the  change,  and  may  continue  for  long. 
^oeMk>nany,  instead  of  becoming  thin,  the  epidermis  increases  in 
I,  the  nails  often  become  thick  and  rough,  and  present  trans- 
OT  longitudinal  furrows,*  In  parta  where  there  is  much  sub- 
cotaneoQs  tissue  this  may  also  become  thickened  and  have  a  peculiar 
^OQffikj  feel,  resembling  that  met  with  in  myxcedema.  The  growth  of 
Itthir  may  be  lessened  or  increased.  Sloughing  of  the  skin  is  far 
common  than  iu  central  diseases,  but  eruptions,  partioularly  of 
mature  of  erythema,  eczema,  herpes  and  pemphigiis,  may  also  be 
with.  Vesication  occurs  with  extreme  readiness,  and  sometimes 
ImUjD  api^ear  to  fonn  spontaneously.  Ulcers  result  which 
and  destroy  the  tissues,  especially  of  the  finger-ends.  Mustard 
also  blister  th<^  hkin  more  readily  than  in  health.  It  is  im- 
to  remember  these  facts,  because  the  affection  is  one  in  which 
^plkiattona  are  often  recommended,  A  gentleman  dislocated  hiB 
and  either  by  the  displaced  bone,  or  in  the  reduction,  the 
plexus  waa  seriously  injured.  The  muscles  of  the  hand 
[.  and  the  skin  became  glossy.  He  was  advised  by  a  surgeon  to 
haikm  the  hand  daily  tn  hot  water.  One  day  his  wife  bathed  it  in 
viler  wtuch  to  her  was  pleasantly  warm,  and  which  caused  him  no 
diflCDOifort*  bfUt  the  result  was  that  tlie  hand  was  covered  with  blisters, 
left  which  did  not  heal  for  months. 


wmMjed. 


*  fljiTal  vSMllmt  illutimtioiii  of  tiirte  eltungef  nn  given  bjr  Bowiby,  loe.  eit.» 
vMrvalM  a  fvU  Afcouot  of  tniiim»iic  tetion*  i«  given.  Th«  oUivrvation*  of  B«rn> 
liMpll  (*Tlr«lio«i'«  Ar«hiv/  18S6)  appMr  to  khow  tbftt  the  rirt«rded  growth  of  th« 
■■lb  It  tmtvp'ii'***'*  nf  thA  i»fl»one«  of  the  purttcular  nervMi.  Great  individuiil 
>c  found  whh  idi'nitr»i  lr«ion«. 
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Tho  Jol&tl  4'tf  ton  luifer  in  their  ntitntdon.  Acute  mflnnmiation,  smcb 
M  OOOUn  ion)ot(m38  m  apinaL  affections,  la  rare,  but  clironic  clianges  in 
th#  Joi&tl  an>  ffequaatp  wifcli  much  tender iiesa ;  alteratiaas  in  the 
ftrilottlftr  luri'accff,  and  flbraufl  adhesions  result,  which  limit  movement. 
VVktn  tll6  mUHculiii*  wasting'  19  slight,  the  condition  maj  resemble  a  pn- 
tit Af^^  Joint  all\iction,  and  thia  mistake  in  diagnosia  ia  Bometimefl  actu&Uj 


INJUEfES  OP  NERVES:    COMPRESSION. 

TrAUm&tio  loaions  of  nerves  are  in  the  province  of  surgery.  They 
iMlong  to  the  phyaician  only  in  bo  far  as  their  effects  are  produced  by 
I  )ifl  ftgenoj  of  a  iieuritia,  the  mechanical  origin  of  which  may  eaeape 
uotioo*  Neurit laia  described  in  the  next  section.  A  word  is  needed, 
bowOTOTf  on  fhe  subject  of  simple,  slow  compression  of  nerres,  not 
beoauid  the  sympt^^ms  are  grave,  but  because  they  often  giye  rise  to 
veiy  gWft  mentaJ  concern  on  the  part  of  the  patient,  and  to  occa- 
•ionHil  doubtfl  in  the  mind  of  hia  medical  attendant.  Oampresaion  of 
A  nerre  may  be  Budden  or  slow.  Sudden  compression  bruises  the 
nar?e«ftbret»  pro<iiicing  definite  leaions,  and  also  seta  up  neuritis. 
Bymptonui  often  occur  too  soon  to  be  eipHcable  as  neurit  Ic.  A  alight 
degree  of  theio  ie  familiar  as  a  result  of  pressure  on  the  sciatic  nerve  in 
the  aot  of  ■itttng.  There  is  first  tingling  in  the  region  of  distribution 
of  iti  ilbrei,  Mfi<ni  with  a  sense  of  warmth^  with  disordered  BCnsations 
and  even  a  lois  of  sensibility  in  the  skin.  Often  this  is  accompanied 
by  an  inability  properly  to  put  in  action  the  muscles  that  are  supplied 
liy  the  nerre.  All  the  symptoms  pass  away  in  a  few  minutes,  a  sense 
of  oold  and  an  inability  to  direct  movements  being  often  the  last 
elTeoti.  If  they  do  not  pass  away,  the  persistent  effects  are  ascribed  to 
a  neuritis  such  as  is  produced  by  any  other  cause. 

But  neuritis  is  not  the  primary  lesion,  and  the  initial  symptoms 
are  not  produced  by  the  agency  of  inflammation.  Hence,  when 
they  persist,  it  is  doubtful  whether  we  should  ascribe  them  to  the 
iutiammation  unless  they  occur  after  an  interval.  The  mechanism  by 
which  the  tingling  and  early  anaesthesia  are  produced,  probably  cansea 
aUi)  the  lasting  symptoms.  The  compression  no  doubt  causes  anaemia, 
liut  the  known  sensitiveness  of  nerves  to  mechanical  stimulation  makes 
it  probable  that  the  effects  are  chiefly  produced  by  the  mechanical 
iuilueuoeof  the  pressure  on  the  elements  of  the  nerve-fibres,  and  that 
a,  iiiiupression  for  a  few  hours  has  such  an  effect  in  separating  the 
luolucular  elements  of  the  white  substance,  as  to  set  up  a  secondary 
degeneration  of  the  same  character  as  that  which  results  from  division 
of  a  nerve.  The  neuritis  is  thus  no  more  the  cause  of  symptoms  in 
compression  than  in  division.  In  each  there  is  a  displacement  of 
molecules  Interrupting  conduction.  This  is  also  the  conclusion  of 
Weir  Mitchell,  who  found  that  a  pressure  of  eighteen  to  twenty  inchea 
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flf  nMreory  for  twenty  seconda  aboliBlied  the  power  of  conduction, 
ibough  onlj  for  a  few  minutes,  in  spite  of  conspicuous  change  in  the 
white  iubstanoe.  The  l&tter  Ib  still  greater,  and  the  effects  more 
anduring,  in  a  contusion. 

The  oaase  of  the  ting^mg  in  the  region  of  distrihufion  of  the  soiatio 
m&rte  is,  as  already  aaid«  readily  rocoguised  when  it  is  duo  to  pressure 
bj  sitting.  But  it  is  otherwise  when  the  pressure  is  on  the  nerves  of 
tho  ann  and  is  produced  during  sleep.  The  tingling  may  be  felt  in 
the  region  of  the  ulnar  nerve,  in  consequence  of  flexion  of  the  elbow. 
in  the  whole  band,  from  the  pressure  on  the  nerves  of  the  brachial 
tus  <m  the  aide  on  which  the  patient  is  lying.  Waking  up  with  the 
*,  and  sometimes  with  cramp  or  powerlessness  in  the  hand,  he  is 
OAteflUy  alarmed.  The  diagnosis,  however.  Is  rendere<i  easy  by  the 
mtflitrral  character  of  the  symptoms,  and  by  the  fact  that  they  are 
always  felt  on  the  side  that  is  bearing  the  weight  of  the  body.  There 
taaj,  however,  be  great  difficulty  in  diagnosing  this  form  of  compression 
fotn  actual  contusions.  The  symptoms  are  produced  much  more 
readily  when  the  general  health  is  bad;  they  last  longer,  and  more 
oflsfi  end  in  neuritis. 

Omdoal  compression  may  result  from  continuous  pressure,  such  as 
that  of  a  crutch  or  the  growth  of  an  adjacent  tumour,  or  from  the 
inplinatton  of  the  nerve  in  a  cicatrix  or  callus.  Of  new  growths  com- 
|M^iiiiilli|[,  nerves,  exostoses  and  aneurisms  are  most  frequent.  The 
iyP^>"^*  of  this  form  approach  those  of  neuritis;  they  may  he 
motor  or  trophic.  They  are  ushered  in  by  hypenesthesia. 
is  followed  by  anaesthesia,  seldom  complete  in  degree  or  quality, 
and  muscular  sensibility  Ijoing  usually  retained  when  other 
are  lost.  Intense  and  persistent  hypenesthesia  or  complete 
point  to  neuritis.  Motor  weakness  and  trophic  changes 
^>fiear;  there  may  be  atrophy  or  hypertrophy  of  the  nails,  trophic 
qIooh,  or  joint  affections.  Among  rarer  symptonLs  are  local  spasm 
with  fibrillary  twitchings  and  reflex  convukions.  In  simple  com- 
m  the  symptoms,  as  a  rule,  disappear  after  the  removal  of  the 
the  subjective  sensations  are  the  first  to  vanish,  then  the 
goes^  and  lastly — in  severe  cases  not  till  after  some  months 
wioior  disturbances. 

rmpid  compression  there  may  be,  according  to  the  duration  of  the 
r,  merely  congestion  at  the  affected  spot  or  peripheral  degeneration 
from  it.    A  nerve  which  has  been  long  compressed  is  narrow 
the  affeeted  part,  where  it  may  even  be  flattened  into  a  ribbon ; 
aliQfv*  and  below  it  is  normal  or  swollen.    The  compressed  portiou 
ij  be  white  from  angmia  or  red  from  oongestion.   Eventually  degt'oe- 
or  neoritio  changes  may  develop,  and  the  former  are  sometimes 
above  the  lesion  as  well  as  below. 
Tnstment  im  essentially  surgical,  but  the  physician  must  aim  at 
the  nutrition  of  tJbe  muscles  by  the  usual  means  during 
the  nerve,  when  this  can  be  released  from  compression. 
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INFLAMMATION  OF  NERVES  s    NEUBITIS. 

Neuritis,  or  inflammation  of  nerves,  presents  Tarious  diaracterSp 
which  have  led  to  the  distinction  of  Dumerous  fonns.  The  inflam- 
mation of  6in;:jle  nerves  usually  begins  in  the  outer  sheaf  h  of  the  nerve, 
and  this  has  been  distinguished  as  '*  perineuritis."  It  may  involve 
also  or  chiefly  the  connective  tissue  between  the  bundles  of  nerve-fibres 
("interstitial  neuritis"),  or  the  nerve-fibres  themselves  ("parenchy- 
matous or  degenerative  neuritis").  Some  forma  of  neimtis  have  a 
tendency  to  ascend  the  nerve,  and  this  variety  has  been  termed 
•'ascending  neuritis"  or  "neuritis  migrans."  One  nerve-trunk  may 
be  primarily  affected,  or  many  nerves  may  suffer  at  the  same  time. 
The  latter  condition,  "  primary  multiple  neuritis,"  is  of  great  import- 
ance, and  will  be  described  in  a  separate  section. 

Most  forms  of  neuritis  may  be  either  acute  or  chronic.  Acute 
neuritis  usually  subsides  into  a  chronic  stage,  and  its  symptoms  may 
thus  persist  for  a  long  time.  Other  varieties  that  have  been  distin- 
guished depend  ujkju  the  cause  to  which  the  inflammation  is  secondary. 
Thus  we  have  cancerous,  syphilitic,  gouty,  diabetic,  and  other  forms. 

CAtrsKs.— Injury  causes  more  or  less  inflammation,  which  oocura 
readily,  and  follows  very  slight  damage.  Neuritis  may  thus  be  Bet 
up  by  all  sorts  of  wounds,  by  contusions,  by  compression  from  with- 
out or  by  adjacent  structures,  and  by  over^extension  of  the  nerves. 
Those  nerves  that  pass  by  joints  are  liable  to  injury  from  dislocations, 
either  by  the  displacement  of  the  bones,  or  during  reduction.  In 
fractures  the  nerves  may  be  injured  directly,  or  may  be  compressed 
by  the  callus  that  is  formed.  Nerves  are  sometimes  damaged  by  a 
violent  contraction  of  the  muscles  through  which  they  pass.  It  is 
probable  also  that  muscular  effort  excites  neuritis  in  other  situations, 
especially  in  persons  who  are  predisposed.  Moreover,  a  strain  on  the 
fibrous  tissues  of  joints,  fascise,  <&c.,  may  set  up  iufiammation  in  Uiem, 
which  may  spread  to  the  nerves. 

Neuritis  may  ai'ise  by  extension  from  adjacent  inflammation;  this 
is  particularly  se^i  in  the  case  of  phlebitis.  The  nerves  near  suppu- 
rating joints  may  be  involved,  and  even,  it  is  said,  those  that  pass  by 
a  joint  the  seat  of  simple  inflammation.  The  latter  is  certainly  rare. 
The  intercostal  nerves  have  been  afiected  by  extension  from  an  in- 
flamed pleura.  The  cranial  nerves  and  the  spinal  nerve-roots  are 
involved  by  extension  from  the  membranes. 

Exposure  to  cold  is  another  cause  of  neui*itis.  It  is  then  often 
called  '*  rheimaatic."  The  nerve^  or  rather  its  sheath,  may  be  primarily 
affected,  or  the  first  effects  may  be  inflau:niation  of  the  fasciae,  from 
vvhich  the  inflammation  spreads  to  the  nerve-sheath.  Persons  who 
are  liable  to  muscular  rheumatism,  and  those  who  are  gouty,  suffer 
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thufl  witi  egpeciaJ  frequency,  'But  exposure  to  cold  and  the  toiine  of 
gout  and  rheumatiBm  also  act  in  another  wsty.  by  cauaing  a  blood-stata 
wliich  acts  on  many  neryeo  at  the  same  time*  Many  general  diseases 
have  a  similar  power  of  causing  either  an  isolated  or  a  multiple 
neuritifl.  It  is  through  this  agency  that  diphtheritic  paralysis  ig 
produced,  and  the  same  effect  may  bo  due  to  the  presence  of  other 
tctxio  material  in  the  blood,  metallic  poisons,  alcohol,  «&c.,  an  account 
of  which  will  be  found  in  the  section  on  Multiple  Neui'itia.  When 
an  isolated  neuritis  occurs  dixring  an  acute  diseaae  it  is  probably 
produced  through  the  agency  of  compression,  unnoticed  during  the 
prostration.  Neiiritia  has  also  been  found  in  the  vicinity  of  bedsores 
(Pitre^),  and  though  probably  due  to  pressure  may  be  part  of  the 
^mechanism  by  which  they  are  caused.  Some  chronic  general  diseases 
cause  only  isolated  neuritis, — either  simple,  as  that  which  is  due  to 
gout  (when  the  general  disease  must  be  regarded  chiefly  as  a  pne- 
di3]x>nent) ;  or  special,  as  syphilitic,  cancerous,  or  leucocythaemic 
neuritis,  in  which  there  is  an  infiltration  of  the  nerve  with  the  special 
tissue-element  characteristic  of  the  general  disease. 

The  characters  of  the  simple  isolated  form   constitute  the  chief 
subject  of  this  section. 

Pathological  Anatomy. — The  changes  differ  according  a^  the 
inflammation    affects    primarily   the    adventitial    connective    tissue, 
"adventitial    neuritis,"    or   the    fibres    themselves    in   the  •'paren- 
chymatous"  form.     Isolated  neuritis  is  generally  adventitial,  and 
will  be  first  described.     In  acute 
inflammation  the  affected  part  of 
the  nerve  is  red,  softened,  and 
swollen.     The   redness   dependa 
CD  distended  vessels,  which  may 
be  visible  on   the   siu-face;    in 
more  acute  cases  it  may  result 
from   the   presence   of    minute 
htemorrhages.     The  swelling  is 
<lae   to  cedema,   or  to  a  sero- 
fibrinous  exudation,   sometimes 
jeliy-like  in  aspect.     The  micro- 
scope shows  leucocyte-like  cor- 
puscles  surrounding  the  vessels, 
iu filtrating  the  sheath  (Fig,  44) 
and  aocm  uulating  between  it  and 
the  nerre.    There  may  be  even 
small  extravasations  of   blood. 
Suppuration  is  extremely  rare.    These  changes  may  be  limited  to  the 
sheath   in   what  is   called  "  perineuritis/'  or  may  extend  into   the 
substance  of  the  nerve  in  *'  interstitial  neuritis.*'     In  the  latter  case 
the  lymphoid  corpuscles  infiltrate  the  septa,  and  may  even  be  seen  in 
the  fubstance  of  the  fasciculi,  between  the  nerve-fibres.     These  change! 


Fio.  44. — Kexiritln  dpgrene ration  nf  nerw* 
llbre»,  tW  myelin  bnikeii  up  into  mftMM, 
globuli'B, aud  |;-raMiilfrfl>  AGiiimiilcitlon  of 
lemcocvt^A  in  tierve-8lieatb.  Kroin  a  cua 
uf  multiplfi  nifuritia.     (AftAT  Leydc^n.) 
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msLj  be  continuoui  along  a  considerable  tract  of  the  nerve  (diffnae 
Eeuritig),  but  more  frequently  thejr  are  chieflj  marked  at  oertaiu 
places,  wbich  are  aeparated  by  portions  of  the  nerve  which  are  80 
little  affected  as  to  appear  to  the  naked  eye  to  b<3  normal  (*'  focal  ** 
or  "disseminated  neuritis").  The  foci  of  inflammation  are  chiefly 
situated  at  places  where  the  nerT©  turns  round  a  bone,  or  emergf-s 
from  canals  or  faBciee,  or  diyides. 

The  eitent  to  which  the  nerTe-fibree  snffer  Taries  mueli.  They 
usually  present  little  change  when  the  inflammation  is  limited  to 
the  shejith,  uulesa  the  nerve  lies  in  a  bony  canal,  or  in  rigid  fibrous 
tissue,  within  which  the  sheath  cannot  expand ;  its  swelling  then  exerts 
pressure  on  the  fibres.  When  the  inflammation  is  interstitial  the 
fibres  auUer  more  readily,  although  not  invariably.  On  the  other 
hand,  they  are  sometimes  found  much  altered,  when  the  connective- 
tissue  elements  are  but  little  affected.  In  this  case  the  inflammation 
is  "  parenchymatous  "  and  begins  in  the  nerve-tibres,  the  interstitial 
tissue  being  secondarily  involved  or  unaffected.  The  changes  in  the 
fibres  are  almout  the  samie  as  in  degeneration  (Figs.  3S  and  34), 
It  was  pointed  out  how  closely  the  two  processes  of  inflammation 
and  degeneration  are  connected,  and  how  dMieult  it  is  ix)  separate, 
or  even  to  distinguish  them,  in  many  cases.  The  myelin  of  the  whit© 
aubstance  first  breaks  up  into  segments,  more  or  less  elongated,  often 
with  smaller  globules  of  myelin  between  or  beside  them.  The  masses 
are  cloudy  or  finely  granular  in  aspect.  The  axis-cylinders  are  inter- 
rupted where  the  myelin  is  divide*!.  The  nuclei  of  the  sheath  are 
increased  in  number,  and  the  protoplasm  around  them  is  increased  in 
quantity.  Heit  the  myelin  is  divided  into  emaller  globules  and 
granules,  and  the  axis-cylinder  is  no  longer  recognisable.  The  myelin 
then  disappears  in  parts  of  the  tubes,  while  it  remains  at  other  parts, 
but  is  still  more  finely  divided.  Lastly,  the  sheaths  become  empty 
and  very  narrow,  containing  only  nuclei  at  intervals*  with  here  and 
there  a  little  finely  granular  material,  or  sometimes  some  brownish 
pigment  granules.  The  process  may  thus  go  on  to  complete  destruc- 
tion of  the  fibres.  These  commonly  suffer  unequally;  fibres  that 
have  a  normal  appearance  are  scattered  among  those  that  are  much 
altered. 

In  chronic  interstitial  neuritis  the  axis -cylinders  often  suffer  less 
than  the  wliite  substance.  The  latter  becomes  atrophied,  so  that  the 
fibres  are  smaller  than  normal.  If  the  interstitial  inflammation  is  very 
intense  the  fibres  may  break  up  as  above  described.  Aa  the  inflam- 
mation subsides,  the  new  cellular  elements  that  have  made  their 
appearance  assume  the  aspect  of  fusiform  cells,  and  fibrous  tissue  is 
developed,  either  from  these  cePf,  which  become  less  numerous,  or 
from  the  intercellular  exudation.  This  fibrous  t^sue  surrounds  and 
encloses  the  fasciculi,  a  condition  that  has  been  termed  "  sclerosis  of 
the  nerve.**  A  firm  fusiform  swelling  may  remain  at  the  affected  spot, 
and  this  may  be  adherent  to  adjacent  structures.     The  axis-cylindors 
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are  unequally  affected*  Those  which  are  inTolved  undergo  typical 
de;^neratioii.  Sometimes  fat  ia  ultimately  formed  in  the  new  con- 
nective tissue,  a  condition  that  has  been  rather  unnecessarily  termed 
•*  lipomatoUB  neuritis  "  (Leyden) ;  the  fatty  deposit  does  not  seem  to 
be  relat4?d  to  any  special  form  of  neuritis.  Occasionally  the  connective 
tissue  overgrowth  ia  so  eitensive  that  the  whole  nerve  is  conveiied 
iuto  a  sclerotic  cord  (Virchow's  "  proliferative  '*  form). 

In  syphilitic  neuritis,  which  affects  chiefly  the  cranial  nerves,  there 
is  a  cellular  growth  in  the  sheath  and  interstitial  tissue  similar  to  that 
which  constitutes  other  syphilitic  new  formations,  with  a  varia1>le 
amount  of  alteiution  of  simpler  inflammatory  character.  The  growth 
in  the  shoath  may  amount  to  a  distinct  syphilitic  tumour,  with  or 
without  interstitial  changes.  In  cancer,  nerves  adjacent  to  the  new 
growth  may  present  simple  interstitial  neuritis,  or  may  be  infiltrated 
by  a  growth  of  cancer- elements  spreading  to  the  nerve  by  direct 
extension.  In  leucocythaemia  there  is  a  dense  infiltration  of  the  nerve 
with  leucx>cytes. 

The  destructive  changes  in  the  nerve-fibres  extend  down  the  nerve 
to  the  periphery  in  a  process  of  secondary  degeneration,  more  or  less 
inflammatory  in  nature,  as  already  described  in  secondary  degeneration. 
Usually  the  central  portion  of  the  nerve  remains  free,  the  alterations 
ceasing  a  short  distanco  above  the  seat  of  the  prinmry  inflammation. 
In  rare  cases  an  ascending  neuritis  (n.  migrans)  passes  up  the  nerve, 
and  may  spread,  at  a  plexus,  to  other  nerve-bundles  and  other  nerve- 
trunks.  The  formation  of  fibrous  tissue  in  the  inflamed  part,  and 
the  cicatricial  contraction  of  this  tissue,  often  prokmg  the  irritation 
of  the  nerve-fibres  and  the  symptoms  due  to  this,  and  a  state  of 
*'  chronic  neuritis  "  la  said  to  be  left. 

SmPTOMS. — ^The  symptoms  of  neuritis  vary  extremely  according  to 
its  intensity,  its  extent,  and  the  nerve  that  is  affected.  In  three  places, 
the  brachial  plexus,  the  sciatic  nerve,  and  the  crural  nerves,  the  sym- 
ptoms are  sufficiently  special  to  make  their  separate  description 
desirable,  although  the  general  account  applies  to  them  also. 

The  onset  of  the  acute  form  is  sometimes  attended  by  some  con- 
stitutional disturbance,  especially  when  many  nerves  are  affected. 
The  chief  symptoms  are  local.  The  most  prominent  is  pain,  felt  in 
the  inflamed  part  of  the  nerve,  and  also  often  in  the  part  to  which  it 
is  distributed  (see  p.  78),  Sometimes  the  pJiin  involves  the  whole 
Hmb,  and  in  severe  cases  it  may  be  most  intense,  burning,  boring,  rarely 
darting,  in  character ;  it  is  usually  worse  at  night  and  increased  by 
movement,  by  postures  that  involve  tension  or  pressure  on  the  nerve, 
find  by  whatever  causes  passive  congestion  of  the  limb,  such  as  tho 
act  of  coughing.  Sometimes  it  seems  tu  radiate  into  distant  parts, 
and  not  rarely  pain  is  also  felt  in  tht  corresponding  region  of  the 
opposite  limb.  The  sensitiveness  of  the  who!e  of  the  aiTrrtrd  region 
is  increased,  and  even  the  bone  may  be  tendiT,  so  that  at  first  attention 
may  not  be  directed  to  the  nerve,  but  when  this  is  pressed  great  pain 
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is  always  produced.  In  sligliter  cases  tbe  pain  is  usually  limited  to 
the  ner¥e  and  its  distributioo.  It  may,  iudeed,  be  absent  when  the 
nerve  or  branch  in  chiefly  motor,  a  fact  difficult  to  explain  unless  the 
sheaths  of  such  nerres  contain  fewer  sensory  fibres  than  usuaL  If 
the  nerve  is  accessible  to  direct  eiami nation  it  may  be  felt  to  be 
distinctly  swollen  at  the  affected  part.  Occasionally  the  skin  over  it 
has  been  observed  to  be  red,  and  rarely  there  has  been  slight  cedema. 
Spontaneous  sensations  may  be  felt  in  the  region  supplied  by  the 
nerve,  tingling,  Sdo.^  and  the  skin  may  be  hypersesthetic.  After  a  time, 
aa  the  nerve- fibres  suffer,  sensation  may  be  perverted,  or  even  lessened ; 
complete  ontesthesia  is  ustiaUy  confined  to  small  are^s.  The  muscles 
Bupphed  by  the  nerve  become  weak  in  various  degree,  tender,  and 
present  fibrillar  twitchinga  j  they  are  seldom  powerless,  but  pain  may 
prevent  their  contraction.  They  present  the  altered  electrical  nao 
tions  characteristic  of  nerve-leaions.  Increased  perspiration  has  been 
observed  in  the  part  of  the  skin  supplied  by  the  inflamed  nerve,  veiy 
rarely  it  is  arrested,  and  sometimes,  although  rarely,  eruptions  occur. 
Herpes  is  not  common  from  ordinary  acute  neuritis.  The  epidermis 
may  become  thickened  into  a  state  Hke  ichthyosis,  or  may  atrophy  and 
appear  as  "  glossy  skin/*  Effusion  into  joints  has  been  observed  in 
very  rare  cases.  The  constitutional  disturbance  which  may  attend  the 
onset  flubaides  in  the  course  of  a  few  days,  but  the  pain  and  other 
symptoms  usually  persist  in  imdiminished  severity  for  several  weeks. 
They  ultimately  slowly  subside  into  a  chronic  stage,  and  may  continue 
as  a  secondary  neuralgia  due  to  a  habit  of  over-action  set  up  in  the 
centre. 

In  the  chronic  form  constitutional  disturbance  is  absent,  and  pain 
is  the  prominent  symptom  from  the  first.  The  affection  of  motion  and 
sensibility,  and  the  trophic  ('han;jro9,  are  similar  to  those  met  with  in 
the  acute  form.  In  both  forma  the  muscles  may  waste,  and  present 
the  reaction  of  degeneration  when  they  are  tested  with  electricity 
(p,  73).  In  slight  cases  the  initial  increase  of  excitability  in  the  nerve 
is  often  well  marked.  Trophic  changes  in  the  skin  are  very  common; 
so  is  alteration  in  the  nutrition  of  the  joints,  and  adhesions  form, 
limiting  the  movement,  and  fixing  the  parts  in  th.e  position  corre- 
sponding to  the  muscular  inaction. 

When  nenritis  ascends  a  nerve,  the  symptoms  gradually  extend  in 
area ;  and  if  it  reaches  the  plexus  from  which  the  nerve  proceeds,  they 
may  extend  to  most  or  all  the  nerves  of  the  limb.  This  *'  ascending 
neuritis'*  is  not  rare  in  man,  may  even  reach,  the  spinal  canal, 
and  there  produce  various  disturbances  The  inflammation  may 
spread  in  the  tissue  outside  the  dura  mater,  or  may  extend  to 
the  cord,  and  cause  subacute  or  chronic  myelitis  with  or  without 
meningitis.  The  paralysis  that  occurs  secondarily  to  some  visceral 
diseases,  as  those  of  the  bladder,  and  commonly  regarded  as  Keflex 
paralysis,  is  probably  produced  through  the  agency  of  an  ascending 
neuritis*     Lastly,  the  inflammation  ma»   "^itend  to  the  nerves  of  the 
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oUier  aide,  usually  to  those  that  correspond  to  the  primary  seat  of  the 
disease.  Such  eiteoaiou  may  be  through  the  spiaal  cord  or  the 
membranes,  bufc  in  some  oases  sjmptomg  occur  in  tho  norro  of  the 
opposite  side,  without  any  indioatinn  of  an  affoction  of  the  centres. 
Exp*?rinQCnts  on  animala  have  deiuoustiut^d  that  such  implication  of 
the  opposite  nenre  may  occur  when  the  centres  are  unaffected.  It  has 
been  called  "  sympathetic  neuritis.*'  We  hare  seen  that  reflected 
pains  are  occasionally  felt  in  the  corresponding  nerve  on  the  opposite 
side,  and  it  is  probable  that,  as  in  neuralgia,  vaso-mofcor  disturbance 
in  the  nerve-sheath  may  accompany  such  pains,  and,  in  a  prediaposdd 
person,  may  cause  actual  neuritis. 

The  Duration  and  Course  of  neuritis  vary  much.  A  slijiht  acute 
neuritis  may  run  its  course  in  a  few  weeks  and  then  subside.  Much 
more  commonly  the  ailettiou  perKists  in  a  chronic  stiige  for  many 
weeks,  or  even  montha,  and  slowly  passes  ofE.  The  rheumatic  and 
gouty  forms  are  as  a  rule  much  more  tedious  than  those  that  result 
from  injury,  although  traumatic  neuritis  is  sometimes  very  insidious 
and  may  last  a  long  tmie ;  it  may  ascend  the  nerve  from  its  starting- 
place  and  become  localised  in  certain  situations,  whom  it  may  develop 
afresh,  and  give  rise  to  symptoms  that  often  seem  to  be  independent 
of  their  cause.  In  the  predisposed,  it  can  set  up  troublesome  local 
functional  diaturb:iuce,  hysterical  contracture,  and  the  like* 

Diagnosis. — The  diagnosis  of  neuritis  depends,  first  on  the  loealiea- 
tion  of  the  symptoms  to  the  distribution  of  a  certain  nerve-trunk,  and 
secondly  on  the  pain  and  tenderness  in  the  nerve.  The  diffuse  paing 
that  attend  the  onset  may  be  readily  mistaken  for  i\m  pains  of  acute 
rheumatism,  or  for  those  due  to  an  inflammation  of  the  bone,  but  in  the 
course  of  a  day  or  two  the  localisation  of  the  sympt/oms  declares  their 
xuiture.  The  chronic  form  is  easily  and  often  mistaken  for  neuralgia, 
and  the  diagnosis  is  the  more  difficult  because  many  so-called  neu- 
ralgias are  really  due  to  neuritis.  The  distinction  can  only  be  fully 
dijcussed  when  we  have  coasiflered  the  symptoms  of  neuralgia,  but  it 
jrestfl  chiefly  on  the  fact  that  in  neuralgia  the  pain  intermits  more 
completely  than  in  neuritis,  there  is  not  the  same  initial  tenderness  in 
the  nerve-trunks,  and  the  tender  spots  have  a  more  uniform  localisation, 
Xjessened  sensibility  or  change  in  the  muscles,  showing  organic  damage 
to  the  nerve-fibres,  are  conclusive  evidence  of  neuritis.  The  pains  in 
some  central  diseases,  chiefly  those  of  the  spinal  cord,  may  be  thought 
to  be  due  to  neuritis,  but  there  is  not  the  local  tenderness  of  the 
iierve*tmnk,  and  the  pain  is  not  limited  to  the  distribution  of  a  single 
'nerve.  As  we  shall  see  presently,  the  diagnosis  of  multiple  neuritis 
from  affect  ions  of  the  cord  is  far  more  difficult. 

PaOQKosis. — The  gravest  fonn  of  simple  neuritis  is  that  in  which  the 

(aierfie  u  affected  secondarily  to  a  local  suppurative  inflammation.     The 

prognosis  is  best,  as  a  rule,  in  traumatic  neuritis,  but  the  rule  is  one 

to  which  the  exceptions  are  occasionally  very  considerable  in  degree. 

A  neuropathic  disposition  mak«'s  the  prognosis  worse.     In  all 
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the  intensity  of  the  Bjmptoms,  and  the  eTidenc«  of  desceoding  degene- 
ration, furnish  a  more  trustworthy  guide  to  prognosis  than  does  the 
mere  form  of  the  affection.  The  effects  of  ctmiplete  degeneration 
always  endure  for  some  months.  Kegeueration  does  not  occur  until 
the  original  cause  has  ceased  to  act,  and  then  occupies  many  weeks  in 
its  progress  to  the  restoration  of  functional  competence.  In  all  forms 
pain  is  apt  to  linger  on,  and  the  longer  the  older  the  patient  ia. 

Tjbbatmewt. — The  first  conaideration  in  the  treatment  of  neuritis  ia 
the  removal  of  its  cause,  if  this  can  be  discovered,  A  wound  or  injury 
or  local  inflammation  adjatcnt  to  the  nerve  must  be  dealt  with  by 
appropriate  measures.  Any  constitutional  cause,  such  as  gout,  must 
be  treated.  For  the  inflammation  of  the  nerve,  it  is  of  the  first 
importance  to  secure  to  the  part  as  perfect  rest  as  possible.  Move- 
ment causes  mechanical  irritation  of  the  nerve,  and  involves  functional 
Btimulation  of  its  fibres,  both  of  which  are  injurious-  The  nerves  of 
a  limb  run  Iwtween  muscles,  and  the  contraction  of  these  muscles 
causes  pressure  on  the  inflamed  nerve,  and  irritates  it,  as  the  pain  thuB 
produced  sufficiently  shows.  Pain  is  indeoti  a  useful  iudic4ition  of  the 
harmful  influence  of  movement,  since  the  stimulation  of  the  nerves  of 
the  sheath,  in  which  the  pain  ia  produced,  doubtless  has  also  a  reflex 
effect,  increasing  the  vaso-iiiotor  element  in  the  inflammation  Hence 
it  is  most  important  that  all  movement  that  causes  pain  should  be 
avoided.  The  posture  of  the  limb  should  be  such  as  to  involve  the 
least  pain  and  the  least  danger  of  secondary  contracture.  The  general 
treatment  of  an  acute  neuritis  must  Ix^  that  suitable  for  any  acute  local 
iuflammation,  whatever  its  seat, — an  xmstimnlating  diet,  an  ap>erient, 
and  diuretics.  In  gouty  cases  a  brisk  purgative  may,  with  advantage, 
l>e  given.  General  diaphoresis  is  useful  in  cases  that  are  due  to  cold, 
and  in  others  local  sweating  ia  often  of  distinct  service.  The  limb 
may  be  steamed,  or  exposed  to  hot  air.  This  should  be  followed  by 
hot  fomentations  applied  along  the  course  of  the  affected  nerve,  and 
these  by  linseed-meal  poultices.  Leeches  may  also  be  employed  at  the 
onset  of  severe  cases.  When  the  inflammation  results  from  injury, 
cold  may  be  applied  along  the  course  of  the  nerve  instead  of  heat; 
both  probal»ly  modify  the  vascular  distiu-bance  of  inflammation  in  a 
similar  manner.  Counter-irritation  may  be  nsed  at  the  onset  of  slight 
eases ;  but  when  ihe  inflammation  is  severe,  this  agent  is  more  effective 
during  the  8ul>.«ii<lence  of  the  infliimmation  than  during  its  active 
stage.  Blisters,  re|>eat*d  mustard  plasters,  or  stimulating  liniments 
may  be  used,  but  care  must  be  taken  not  to  blister  skin  that  is 
aiuesthetic,  or  troubh*some  ulceration  may  be  caused.  The  same 
caution  is  necessary  in  regard  to  hot  applications,  as  is  shown  by  the 
case  me'itioned  on  p.  79. 

Spontaneous  pain  requires  sedatives,  of  which  the  hypodermic  injec- 
tion of  morphia  ia  by  far  the  most  potent.  It  should  be  used  only 
for  spontaneous  ]>?  in,  and  not  to  enable  the  patient  to  use  the  limb  in 
a  way  that  wouM  i  lO  luce  pain  if  morphia  were  not  given.     Mechanical 
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iiritatioii  may  be  equally  injurioufl,  althougli  the  pain  which  it  would 
cause  is  obviated  by  the  sedative.  Moreover  it  should  only  be  used 
as  a  last  resort,  when  the  agent  to  be  mentioned  next  ifl  inadequate. 
Marphia  has  little  influence  on  the  morbid  process;  it  lessens  the 
effect  of  the  disease  on  the  brain  only  by  acting  on  the  brain. 

In  cocaine  we  have  an  agent  capable  to  a  large  extent  of  replacing 
noorphia,  and  of  a  greater  therapeutic  capacity.  Although  it  haa  less 
power  of  relieving  pain,  it  is  capable  of  doing  much  more  than  that. 
It  arrests  the  local  tranamission  of  the  impulse^  that  cause  pain,  and 
80,  at  a  limited  region,  it  does  lessen  pain  and  often  remove  it  for  n 
time,  and  the  local  character  of  its  action  enables  it  to  exert  a  simul- 
taneous influence  on  the  morbid  protesB.  It  prevents  the  irritative 
influence  on  the  inflamed  structurea  of  the  impressions  that  are  felt  as 
pain,  which  we  have  just  considered ;  and  the  entire  arrest  of  the 
influence,  even  though  the  region  is  small,  seems  to  produce  a  much 
greater  eflect  on  the  process  than  might  bo  anticipated.  It  ia  in* 
structive  to  note  the  opposite  influence,  revealed  by  the  occasional 
redness  of  the  skin  and  subcutaneous  cedema,  along  the  course  of  the 
inflamed  nerve.  The  injection  should  be  made  at  one  of  the  seata  of 
pain.  In  the  rheumatic  form  salicylate  of  soda  has  been  given*  but  is 
of  doubtful  value.  Iodide  of  potassium  sometimes  seems  to  be  useful, 
but  no  agent  has  so  distinct  an  influence  on  the  process  of  inflam- 
mation in  the  nerve  as  small  doses  of  mercury.  A  grain  of  blue  pill 
may  be  given  once  or  twice  a  day ;  and  if  morphia  has  to  be  injected 
at  the  same  time,  the  mercury  is  useful  also  in  correct! ug  the 
eonstipiating  influence  of  the  morphia. 

In  the  chronic  stage  or  form,  counter-irritation,  by  blisters  or 
cautery,  is  of  great  value.  So  also  is  electricity,  which  has  little 
influence  during  the  acute  stage.  The  voltaic  current  should  be 
used.  The  positive  electrode  may  be  placed  over  the  inflamed  part  of 
the  nerve,  or  over  the  seat  of  pain,  and  kept  there  for  ten  minutes  at 
a  time,  the  strength  of  current  being  slight,  such  as  the  patient 
can  just  perceive,  In  very  chronic  cases  a  stronger  current,  sufficient 
to  cause  actual  pain,  is  of  service,  applied  in  a  similar  it  ;iyiier,  but 
for  a  shorter  time.  It  has  probably  chiefly  a  counter-irritant  influence, 
and  faradism  may  b©  used  in  the  same  way.  All  painful  impressions 
on  the  skin  lessen,  for  a  time,  the  nerve-pain. 

The  muscles  supplied  by  the  intlamed  nerve  may  be  left  alone, 
unless  their  wasting  is  marked,  or  the  degenerative  reaction  shows 
serious  damage  to  the  motor  fibres.  In  cases  of  moderate  severity 
they  will  recover  when  the  nerve  recovers.  All  that  is  desirable  is 
that  they  should  be  gently  rubbed  once  or  twice  a  day.  If  the  wasting 
is  considerable,  however,  or  there  is  degenerative  reaction,  they  should 
be  stimulated  to  gentle  contraction  by  a  weak,  slowly  interrupted 
Toltaic  current.  They  should  on  no  account  bo  faradised  during  the 
active  stage  of  the  affection,  even  if  they  act  to  faradism.  The  acut^ 
pain    that   the   faradic   stimulus  causes,  and   the   increased  tender- 
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ness  that  lasts  for  hours  aftei^wards,  are  eridenoe  of  its  injurious 
effect. 

In  an  cases  atteatiou  to  the  general  health  is  of  great  importance. 
Tonica  are  needed  during  the  chronic  stage.  Change  of  air  will  some- 
times  remove,  in  a  few  weeks,  ajmptoms  that  have  previously  been 
stationary  for  months. 

The  modifications  of  treatment  that  are  rendered  necessary  by 
the  position  of  the  neuritis  wiU  be  considered  when  we  come  to  speak 
of  the  affections  of  the  sevenil  nerves.  The  pathological  varieties  of 
neuritis  only  need  special  treatment  in  so  far  as  they  depend  upon 
special  causes,  and  thin  piint,  as  ab'eadj  meutionedi  must  always  be 
one  of  the  Erst  consideratious. 


MOEBID   GROWTHS   IN  NERVES  :   NEUROMA. 


The  term  "  neuroma "  has  been  applied  mdiscrinvinately  to  all 
morbid  growths  situated  on  the  peripheral  nerves.  The  diai^overy,  by 
Yirchow,  that  many  of  these  consist  of  a  growth  of  nerve-fibres,  while 
others  consist  of  heterologous  tissue  such  as  constitutes  morbid 
growths  elsewhere,  has  led  to  the  distinction  of  the  former  as  "  time 
neuromata  '*  and  the  latter  as  "  false  neuromata,"  or  "  pseudo-neuro- 
mata/' and  even  to  the  limitation  of  the  term  *'  neuroma  "  to  a  growth 
of  nerve-tissue,  whether  in  the  central  or  jxjripheral  nervous  system, 
the  heterologous  growths  being  called  by  the  names  they  bear  in 
other  situations,  as  "  fibroma,"  *'  sarcoma,'*  Ac.  The  latter  system  of 
nomenclature,  althou|^di  certainly  more  consistent,  has  not  become 
current  in  this  country. 

The  true  neuromata  may  consist  of  medullated  or  of  non-medullatrd 
nerve-fibres,  termed  "  myelinic"  and  *Vamyelinic"  forms  by  Virchow, 
The  latter  were  for  a  long  time  regarded  as  fibrous.  The  occurrence 
of  ganglion-cells  has  been  proved  in  only  one  or  two  instances.  Thei^ 
is  connective  tissue  between  the  nerve-fibres,  which  varies  in  amount 
and  in  character,  and  hence  the  firmness  of  these  tumours  also  varies. 
This  interstitial  tissue  may  be  so  abundant  as  to  constitute  an  inter- 
mediate form  l»eiween  the  true  and  false  varieties.  This  is  probably 
the  condition  in  most  cases  of  multiple  neuromata.  The  "  false  neuro- 
mata" may  be  of  various  nature,  but  fibrous  growths,  "fibromata,'* 
are  far  more  common  than  any  other  Idnd.  Myxoma  occasionally 
occurs,  the  new  mucoid  tissue  growing  from  the  nerve-shenth,  In 
one  ca«e  *  a  myxo-fibroma  as  lai*ge  as  a  goose  egg  involved  the 


•  SehQstiT, '  ZeiUchr.  f.  Heitlciintle/  1886,  viL 
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•beath,  and  pressed  on  the  median  nerve,  a  piece  of  whicb,  when 
resected  with  the  tumour,  showed  hyalme  degeneration  of  the  medul- 
lary sheath,  the  axis-cylinders  persisting  in  a  slightly  swollen  condi« 
tioB.  Glioma  is  very  rare  on  the  peripheral  nerves,  although  ooca- 
monally  found  on  the  auditory  nerve ;  it  should  be  remembered  that 
this  form  of  growth  arises  from  the  same  embryonal  tissue  as  true 
neuroma.  Various  forms  of  sarcoma  have  been  met  with.  Carci- 
noma also  occurs,  very  rarely  as  an  isolated  growth,  but  not  un- 
commonly as  a  mora  or  less  diffused  or  nodular  infiltration  of  the 
nerve,  arising  by  extension  from  a  contiguous  growth.*  Syphilitic 
growths  are  common  on  the  cranial  nerves  within  the  skull,  but  are 
rare  elsewhere.  In  lepra  amesthetica  the  nerves  are  infiltrated  with 
fibrous  tissue,  enlarging  them  to  many  times  their  normal  size.  The 
eiilaigement  is  rarely  nodular,  and  is  rather  a  chronic  cirrhotic 
inflammation  than  a  growth.     (See  Leprous  Neuritis.) 

A  curious  variety  of  neuroma,  consisting  of  interlacing  cords,  more 
or  less  nodular  and  tortuous p  is  termed  plexiform  neitroma.  The 
disease  commonly  begins  iu  fcetal  life,  and  is  most  common  on  some 
branch  of  the  fifth  nerve  in  the  orbit  or  the  upper  eyelid,  but  haa  been 
met  with  over  the  temporal  bone,  in  the  lumbar,  cervical,  brachial, 
and  solar  plexuses,  on  the  penis  and  the  mamma.  It  may  be  quite 
auperficial  or  de<»ply 
seated.  The  conls. 
from  1  mm.  to  seve- 
ral centimetres  in 
diameter,  consist  of 
ft  olear  outer  zone  of 
concentric  fibrillar 
connective  tissue,  of 
inner  looser  nucle- 
ated tissue,  and,  in 
the  middle,  a  bundle 
of  nerve- fibres,  some 
normal,  others  de- 
generat  ing.  The 

cords  are  connected 
together  by  loose  tissue,  sometimes  myxomatous,  separated  from 
the  proper  tissue  of  the  cords  by  an  epitheliated  space.  The  growth 
of   this  form  is  extremely  slow,  but  it  may  exert  compression   on 

Ijaeent  struct ures.f  A  remarkable  case  of  extensive  myxomatous 
disease  of  the  nerves  of  the  forearm,  congenital  in  origin,  pre- 
sent  ing  analogies  to  plexiform  neuroma,  is  recorded  by  Mr«  De 
Morgan.:^ 

*  A  anique  cm^  of  rhtib(lom)'om»  occurring  {n  a  oerve  is  tvconlud  bj  Oi-landi 
(*  Arch.  |».  1.  HC,  raetl.,'  xix,  6). 
t  M»rclmiiii,  '  Virehow't  Arehiv,'  Bd.  kxvi,  p.  80. 
X  '  Pi»th.  Trail  P..*  vol.  xxvi,  p.  2. 


FiO.  45.— rifsiform  neuroma  from  the  orbit,  (After  Mar- 
chiDd.)'  The  conDectivi}  tissue  ^nrrou tiding  the  c<>rdt 
hiu  been  r*.'inoveti  e«e«jjt»t«,and  irre^ulHr,nylindrU  aI, 
noilular  corclg  are  teen  ani^ii«tO)iiotiiig.  A  nerve  pnut^ 
into  tl]Q  tunDOur  and  ■uddentj  bt? cornea  eti Urged. 
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Tlie   flubcutaneouB   extremities   of  sensoTj  nerves  are   aometiiiiet 
enlarged  into  miaute  tmnours  whicli,  wheQ  painful,  liave  been  termed 

"  tubercula  dolorosa."  Neuromata  in 
the  skin  may  co-eiist  with  similar 
tumoura  on  tie  nerve- trunks.  Those 
shown  in  Fig.  46  are  from  the  same 
case  as  the  tumom*s  represented  in 
Fi^s.  47—49, 

The  size  attained  by  growths  on 
nerves  varies  from  that  of  a  child's 
head  to  a  nodule  only  just  visible. 
They  rarely  exceed  the  dimensions  of 
the  closed  fist.  The  variation  in  size 
of  multiple  neuromata  is  illustrated  in 
Figs.  47 — 49|  after  Smith .•  The  large  tumour  (Fig'.  47)  was  the  size 
of  a  lemon,  but  in  the  same  case  a  growth  from  the  sciatic  plexus 


.:) 


V. 


Fio.  4G.     Cuhmeoufl  neuromatu  from 
akin  of  itbdomen,     (After  Stoitk.) 


Fia.  47. 


FlQ.48. 


Fio.  40. 


Fia.  50. 


Pro,  47. — IHjflit  ^Ibow  of  A  roan.  nst.  30,  with  tjiT>lti|**e  nenromstA;  tl>CHO  on  th« 
nervei  of  tho  unu  ar«  visible  tieuentu  the  Hkiii  ihm  tDumUturm  fttiriw  of  twvMiags 
along  thf)  coarse  of  the  nervti      (After  Smith.) 

Flo.  48,— Purt  of  the  brrfchUI  pltjtus  and  nerves  of  the  iirin, 

Fio.  49.— Nfuroma  of  tlie  iio^torior  tibial  nerve,  tame  cuw.  Th»  tumour  wna  th« 
me  of  u  lemon,  mid  could  he  Mi  ia  the  popliteal  spAoe,  The  flattened  buudles  of 
fibres  of  tbu  nerr«  were  sepiiraled  nnd  pasxetJ  over  the  surface  uf  the  tumour.  The 
(MTtrtioii  of  tien'e  to  the  right  in  a  piece  or  the  extenml  poplite&T.  The  tumoars  catised 
no  interlerctice  with  functioo.  The  patient  died  of  euteric  fever.  Que  Urge  tumotir 
tilltid  the  (lelvift. 

Fio.  50.— Stnidl  neni^oinii  of  ^lopliteal  uerve  l&id  open,  tt  b  teen  to  lie  within  the 
■bestb.     It  caused  do  ayniptums  during  life.     (After  Smith. ) 

almost  filled  the  pelvis.  Thej  may  oconr  on  any  nerve  in  the  body, 
cranial  or  spinal,  and  are  aometimes  nnmerous  on  the  pneumogaBtrica^ 
spinal  roots,  and  sympathetic  plexnses.    When  neuromata  are  multiple 

*  R.  W.  Smith, '  Tre&tt««  on  NeurofDA,'  1849.  M&ny  iaaiructive  oaMe  hftT«  been 
collected  bj  Bowlby  (*  DiiCAwa  and  Injuriea  of  Nervea*), 
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ley  are  oft^  extremely  numerous,  and  almost  every  nerro  in  the 
""body  may  be  transformed  into  a  chain  of  growths.  In  the  case 
fignred  more  than  200  were  counted  in  the  right  arm  alone,  and  the 
^ total  number  of  growths  in  the  body  cannot  have  been  less  than  1000, 
rhile  in  another  3020  were  counted.*  These  raulHple  oeuro-fibromata 
haye  a  great  tendency  to  undergo  sarcomatous  defeneration.  They 
hare  hence  been  termed  '*  secondarily  malicrnant  neuromata,/'t 

The  tumoura  are  almost  always  within  the  sheath  of  the  nerve 
(Fig.  50),  Sometimes  they  are  on  oae  side,  and  the  nerve  may  pass 
by  unchanged.  More  often  the  axibstance  of  the  nerve  is  involved, 
and  the  fibres  may  be  separated  and  spread  out  on  the  surface 
(Fig.  49).  Even  then  they  may  not  be  damaged.  They  suffer  far 
more  in  heterologous  growths  than  in  true  neuromata 

Causes.^ — The  causes  of  neuroma  are  generally  obs<-\ire.  Multiple 
neuromata  are  Bometimes  hereditary,  and  are  probably  due,  in  most 
8,  to  a.  congenital  tendency  of  tissue  growth.  Plexiform  and 
multiple  neuromata  have  been  met  with  in  the  same  family.  They 
are  said  to  be  sometimes  the  result  of  general  neurotic  predisposition, 
and  evidence  of  tliis  is  found  in  the  ocimsional  occurrence  of  neuro- 
mata in  the  subjects  of  cretinism  or  idiocy,  of  which  some  remarkiiMe 
examples  have  been  recorded.  It  is  now  generally  held  tlmt  multiple 
and  pleriform  neuromata,  together  with  the  affection  known  as  ele- 
phantiasis neuromatodes,  are  results  of  the  same  congenital  process. t 
Hultiple  neuromata  are  said  to  bo  almost  confined  to  men.  The 
isolated  form  is  not  uncommon  in  women.  They  may  occur  at  any 
age*  Virchow  believes  that  they  are  unusually  common  m  the 
phtliisical  and  Bcrul'iilous. 

Of  traceable  immediate  causes  the  most  fre^juent  is  traumatic 
injury.  Pressure,  punctured  wounds,  or  division  of  the  nerves  may 
give  rise  to  them,  apparently  by  a  peiTcrsion  in  the  proct'ss  by  which 
cicatriBation  takes  place.  A  "wetl-known  instance  is  the  formation  of 
the  fto-called  *'  amputation  neuromata,"  or  **  bulbous  nerves,'*  round 
or  oral  growths,  the  size  of  a  bean  or  larger,  which  form  on  the 
divided  extremities  of  the  nerves  in  the  stump  left  after  an  amputation. 
The  occurrence  of  new  growths  containing  nei-ve-fibres  may  seem  to 
be  very  remarkable.  We  must  remember,  however,  how  frequently 
ihey  are  connected  with  traumatic  causes^  i.  e.  take  origin  in  cicatricial 
processes.  In  such  proeeases  the  nerve-fi^bres  present  a  remarkable 
power  of  growth.  Kanvier  has  shown  that  from  the  end  of  each  old 
fibre  several  new  fibres  grow,  only  one  of  which  probably  ultimately 
persists.  Under  ap|iareutly  mechanical  influences  some  of  these  fibres 
may  twist  about,  and  even  turn  and  grow  upwards.    It  is  thus  not 

•  'Med.  Times  »nd  Ghi.,'  1883,  i,  p.  152. 

f  O&rr^,  *  B^ilrige  x.  klin.  Chir./  ii ;  Scljevcn,  ibid,,  xvii. 

%  8«6  espfci&Uy  f  iuotti,  *  Vin;h.  Arch./  cxlJii.  Soiug  go  bo  far  «•  to  mdude 
AoUfliaoin  flbronitn  in  the  siime  ctitegory  (Soldftu,  *  Inftug.  Dim.,*  Berlin,  quoted  in 
♦  Virch.  Jiihrb,,'  xxx,  i,  p.  2S1). 
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difficult  to  understand  ttat  a  true  neuroma  may  result  from  injury  to 
a  neiT© ;  it  is  said,  indeed,  that  the  ends  of  the  nerves  in  amputation 
stumps  are  generally  enlarged  into  minute  bulbs,  which  contain  more 
fibres  than  do  the  nerres  on  which  they  are  situated.* 

Stmptoms. — These  may  be  entirely  absent,  especially  in  the  case  of 
multiple  (true)  neuromata,  which  are  some  times  diacovered  post 
mortem  when  their  existence  has  not  been  suspected.  Oft^n,  how- 
ever, they  cause  marked  symptom  a.  The  most  frequent  is  pain 
seated  in  the  tmnour  (which  may  be  extremely  tender)  or  referred  to 
the  distribution  of  the  nerve,  often  acute,  burning,  or  darting,  and 
frequently  intermittent.  It  may  be  increased  by  pressure  on  the 
tumour.  In  the  case  of  the  terminal  neuromata  local  pain  may  be  the 
only  sensory  symptom ;  but  when  the  nerve-fibres  suffer,  parcesthesifle, 
numbness,  or  formication  may  be  complained  of,  and  ultimately  sen- 
sation may  be  lessened  or  lost.  Paralysis  of  the  muscles  supplied  by 
the  nerve  is  occasionally  met  with,  the  region  paralysed  corresponding 
to  the  distribution  of  the  nerve  on  which  the  tumour  is  situated^ 
except  in  the  case  of  neuromata  in  the  cauda  equina,  from  which 
paraplegia  may  result,  with  flexor  spasm.  A  neuroma  of  the  pneumo- 
gastrie  may  cause  grave  cardiac  disturbance,  sometimes  increased  by 
pressure  on  the  tumour. 

More  common  motor  symptoms  are  reflex  spasms  in  adjacent  or 
even  distant  muscles.  For  instance,  in  a  case  of  "  bulbous  nerves  " 
in  the  stump  after  amputation  at  the  shoulder-joint,  the  muscles  on 
that  side  of  the  neck  were  in  constant  clouic  spasm.  Occasionally 
epileptiform  convulsions  are  produced,  and  have  been  known  to  cease 
when  a  painful  neuroma  had  been  excised.  The  occurrence  of  these 
symptoms  has  little  relation  to  the  size  of  the  tumour. 

When  the  neuromata  are  in  accessible  situations  they  may  be  felt* 
Sometimes  they  give  rise  to  "risible  tumours,  and  in  multiple  neuroma 
the  course  of  the  superficial  nei'ves  may  be  marked  out  by  lines  of 
bead-like  swellings,  as  in  Fig.  47*  The  cutaneous  neuromata  also 
cause  visible  sweDings.  The  whole  abdomen  was  covered  with  such 
nodules  in  the  case  recorded  by  Smith  (Fig.  46).  They  are  sometimes 
not  sensitive,  sometimes  eiquiait-ely  tender  and  most  painful,  ©specially 
when  closely  united  with  the  skin.  Pressure  on  the  nerve  above  the 
tumour  commonly  lessens  the  pain. 

Flexiform  neuroma  rarely  causes  other  symptoms  than  the  signs 
manifesting  its  local  preaence.  The  functions  of  the  nerve-fibres 
involved  are  not  usually  interfered  with.  Onoe  or  twice  imaeathesia 
of  the  skin  has  been  observed. 

Course. — ^The  growth  of  neuromata  varies  greatly  in  rapidity. 
When  symptoms  occur  they  most  commonly  last  for  a  long  time, 
increasing  in  severity,  and  f  lom  the  long- con  tinned  pain  the  patient 
may  ultimately  be  worn  out.     In  other  cases  the  symptomB  thow 


•  Bowlby,  \o^  ciL,  p.  20. 
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little  tendency  to  increase,  and  in  rare  instances  tlioy  may  lessen  in 
•everity  and  even  disappear. 

DiAONosia.— The  recognition  of  the  existence  of  a  neuroma  depends 
on  its  superficial  position,  or  on  the  production  of  syniptoma  of  damage 
to  the  nerve.  The  latter,  when  existing  alone,  are  equivocal,  since  they 
may  be  due  to  pressure  on  the  nerve  from  an  adjacent  growth,  or  even 
to  neuritis.  The  disease  may  be  euspected  if  symptoms— pain,  numb- 
ness, weakness— occur,  limited  to  the  distribution  of  a  nerve-trunlc, 
and  no  cause  of  external  pressure  can  be  discovered,  and  the  long 
course  of  the  sym-ptoms  makes  it  unlikely  that  they  are  due  to 
neuritis.  The  diagnosis  can,  however,  only  be  certainly  made  when 
the  tumour  can  be  felt.  Secondary  subcutaneous  sarcomata  may  very 
closely  resemble  neuromata. 

The  diagnosis  of  the  kind  of  neuroma,  whether  *'  true  "  or  *'  false," 
i.e.  composed  of  nerve-fibres  or  other  tissue,  is  Yory  difEcuIt.  Multiple 
neuromata  are  usually  true,  and  of  very  slow  growth ;  false  neuromata 
are  rarely  multiple  unless  they  are  of  infecting  nature  and  rapid  in 
development.  The  existence  of  idiocy,  or  other  neuropathic  indication, 
is  in  favour  of  the  neural  nature  of  the  tumours.  The  ktcral  position 
of  the  growth  on  the  nerve  is  in  favour  of  its  "  false  *'  character. 
The  diagnosis  of  plexiform  neuroma  is  only  possible  whan  the  tortuous 
nt^dular  cords  can  be  felt. 

Pbookosib. — This  depends  on  the  existence  of  symptoms.  If  these 
are  absent,  unless  the  tumour  is  of  rapid  growth,  there  is  good  reason 
to  hope  that  they  will  not  occur.  In  multiple  (true)  neuromata  the 
nerve  is  less  likely  to  suffer  than  in  isolated  growtlis.  If  symptoms 
are  present  the  prognosis  is  less  favorable,  and  depends  on  the  ten< 
dency  which  they  exhibit  to  increase. 

TaBi.TiniwT.— 'Medicines  are  useless  except  in  the  syphilitic  forms 
of  nerve- tumour,  not  here  considered.  Extirpation  is  I  he  only  remedy. 
If  the  tumoiir  is  lateral,  and  can  be  shelled  out,  the  removal  entails 
little  risk.  If,  however,  the  growth  infiltrates  the  substance  of  the 
nerve,  the  affected  part  must  be  excised,  and  the  ends  brought 
together.  The  risk  of  permanent  loss  of  function  in  the  nerve  is 
great,  and  in  deciding  on  such  an  operation,  the  urgency  of  the 
symptoms,  and  the  importance  of  the  function  of  the  nerve,  must  be 
Taken  into  consideration.  Alter  the  extirjiation  of  such  tumours,  the 
tendency  of  cicatricial  processes  in  nerves  to  go  on  to  the  formation 
of  similar  growths  (seen  in  **  bulbous  nerves  **)  renders  the  chance  of 
relapse  considerable.  The  operation  reproduces  conditions  favorable 
for  the  activity  of  whatever  predisposing  influence  aided  in  the  oriifinal 
development  of  the  disimse.  When  neuromata  are  multiple,  surgical 
treatment  is  out  of  the  question,  except,  for  isolated  tumours  that 
-cause  distress. 

In  the  case  of  terminal  neuromata — ^whether  the  cutaneous  "  tuher- 
cula  dolorosa  "  or  the  amputation  neuromata^ — excision  is  practicable, 
and  it  is  unattended  with  the  risks  attending  interference  with  a 


lie.    At  fbesame  time  this  ia  probalJj  clikflj  ^ecmiie  loo  much 

too  ooxi«taiit  work  is  thrtjwn  on  tbe  upper  thoracic  muscles  of 

breathing.    Any  lung  disease*  such   as  aa  attack   of 

itis,  it  rendered  far  more  serious  by  the  diminished  breathing 

When   the  diaphragm   is   paralysed^  the  movement  of   the 

is  often  increased,  and  the  expansion  of  the  lower  part  may 

^V%v  forwards  the  adjacent  abdominal  wall.     This  iiiust  not  be  mis- 

^^fcoi  for  the  effect  of  the  descent  of  the  diaphragm.     Paralysis  has 

Vi  bo  distinguished  from  (1)  abnormal  ult^o  h  breathing.     The  dia- 

fiblgm  ia  used  little  ia  extraordiuazy  breathing,  which  is  chiefly  by 

tW  tipper  part  of  the  thorax,  of  the  "  superior  costal  type/'  as  it  is 

QiQad      Hysterical  and  nerrous  patients  will  often  breathe,  for  a 

time,  only  in  this  manner,  even  when  at  perfect  rest,  especially  when 

thej  are  under  obserration.     Such  breathing  is  no  doubt  facilitated 

ta  women  by  the  fact  that  the  diaphragm  is  habitually  used  by  them 

jeti  than  by  men.     Sepeated  examination  may  be  necessary  to  deter- 

ntioo  whether  there  is  any  real  paralysis  of  the  diaphragm  in  these 

A  single  diaphragmatic  inspiration  settles   the  point.     The 

t^s  attention  should  be  distracted,  and  she  should  not  be  aware 

tlur  object  of  the  examination.     (2)   Inflammation  of  the  diaphragm 

y  arrest  its  movement,  and  so  also  may  diaphragmatic  pleurisj  or 

psritoiutis — each  distinguished  by  the  fact  that  it  is  usually  secondary 

to  sdjaosnt  inflammation,  and  any  movement  causes  characteristic 

psin.     (3)  A  primary  and  isolated  degeneration  of  the  muscular  fibres 

of  Ihe  dja[>hragm  has  been  described  by  CaMender  and  others  as  oom- 

mfter  death,  but  it  has  not  yet  been  proved  to  cause  symptoms^ 

mad  Deeds  farther  investigation. 

Farmlysis  may  be  due  to  disease  of  the  nerve,  its  roots,  or  of  the 
cord.  In  the  latter  case  other  muscles  always  sufiTer;  in  the 
the  diaphragm  usually  suffers  alone»  the  result  of  peri- 
neuritis. The  distribution  and  the  course  of  the  other  palsies 
are  dtstinctive.  By  far  the  most  common  cause  is  disease  of  the  spinal 
local  or  ssoending  from  below  and  adding  this  final  effect  to  the 
palsy  of  the  intercostals.  In  disease  of  the  nerve-roots  there 
oilier  indications  of  the  position  of  the  disease.  The  affection  is 
tdtcti  overlooked  because  not  searched  for,  especially  in  local  disease 
of  tho cervical  cord.  The  observer  forgets  that  its  associations  are  not 
with  tbe  lower  dorsal  muscles,  and  he  omits  to  loolc  for  it  in  cases  in 
the  cervical  eord  is  suffering  and  other  respiratory  muscles  act 


If  there  is  reason  to  suspect  partial  neuritis  as  from  cold,  hot 
>ns  at  first,  aod  afterwards  counter-irritation,  should  be 
OTtr  the  lower  and  inner  part  of  the  anterior  triangle  of  the 
The  only  other  special  point  in  treatment  is  the  application  of 
uVMliUity  The  nerve  may  be  stimulated  by  pressing  the  rheophore 
deipfy  outside  the  lower  pan  of  the  clavicular  portion  of  the  stemo- 
tmiiM  The  other  pole  may  be  placed  at  the  epigastrium  or  over  the 
YOb.  L  7 
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IiL  amputation  Eaps  the  chance  of  a  relapse 


nerr©  m  it«  continuity. 
is  considerable. 

In  plexif  orm  nenroina  excision  ii  undesirable,  and  no  other  treatment 
is  of  anj  nee. 

Pain,  and  the  reiex  spasm,  that  are  bo  distressing  In  ampatatioa 
neuromata,  need  relief  when  attempts  to  cure  have  failed.  Bj  nerv^ 
stretching  we  may  perhaps  give  relief  without  the  effects  that  foflow 
excision,  and  in  cocaine  we  have  a  means  of  arresting  for  a  time  the 
ingoing  impukes  that  play  an  important  part  in  generating  the 
symptoms.  The  rest  ihn^  given  to  the  centre  is  absolute,  and  tU 
degree  and  frot^uent  repetition  may  compensate  for  its  brevity. 


DISEASES  OP  SPECIAL  NERVES. 


The  diseases  of  the  cranial  nerves  may  be  most  conveniently 
considered  in  connection  with  the  diseases  of  the  brain.  Here*  M 
therefore,  only  the  affections  of  the  spinal  nerves  will  be  describe  1.  V 
in  so  far  as  thej  present  special  features.  The  effect  of  paralysis 
of  the  individual  muscles  has  been  already  described  in  detail,  and 
need  not  be  here  repeated,  except  in  general  terms,  or  in  so  far  m  the 
association  of  palsies  resulting  from  a  nerve-lesion  presents  a  parti- 
cular character. 

PnaisNic  Nerve.— Impaired  function  of  the  phrenic  nerre  ii 
commonly  the  result  of  disease  of  the  spinal  cord,  or  of  the  roots  of 
the  nerve — the  third  and  fouith  cervical  trunks — from  disease  of  the 
membranes  or  the  bones.  The  deep  position  of  the  nerve-tnmk  pro»  M 
tects  it  from  injury »  but  it  is  oecaBionally  damaged  in  wounds  of  the  fl 
neck,  and  in  its  cour^  through  the  thorax  it  may  be  oompreased  by 
tumours,  aneurisms,  «&c.,  or  involved  in  inflammations  of  the  pleura. 
Paralysis  of  one  nerve  sometimes  follows  exposure  to  cold,  and  if 
ascribed  to  neuritis.  That  of  both  has  been  met  with  in  multiple 
neujiiis  j  it  has  also  been  observed  following  diphtheria  and  influenza, 
in  the  course  of  tabes  (Gerhardt)  and  progressive  muscular  atrophy, 
Mid  in  poisoning  by  lead  and  aieohoL  In  disease  of  the  spinal  oord 
Mid  membranes  both  nerves  are  usuaUj  paralysed ;  causes  acting  on 
the  nerve-trunk  usually  affect  one  only.  The  effect  and  symptom  of 
paralysis  is  inaction  of  the  diaphragm  (see  p.  83 1.  If  one  nerve  only 
JM  affected,  the  diaphragm  does  not  descend  on  that  side^  bat  thefl 
movement  of  the  other  side  lessens  the  resulting  defect  of  movement, 
and  it  can  then  be  detected  only  by  dose  observation.  The  loss  of  the 
action  of  the  diaphragm  has  little  effect  on  the  respiratory  functions 
while  the  patient  is  at  rest,  but  dyspncea  is  said  to  be  readily  pro- 
duced by  exertion;  the  breathing  then  becomes  quick  and  the  voice 
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tel>le<  At  the  same  time  this  is  probablj  chioBy  because  too  much 
•ad  loo  constant  work  is  thrown  on  tbe  upper  thoracic  muacles  of 
estnotdinary  breathing.  Any  lung  disease,  such  as  an  attack  of 
bronehxlis,  ia  rendered  far  more  serious  bj  the  diminished  breathing 
power.  When  the  diaphragm  is  paralysed,  the  movement  of  the 
thoimx  ia  often  increased,  and  the  exj»:insion  of  the  lower  part  may 
lonnkrds  the  adjacent  abdominal  wall.  This  must  not  be  mis- 
for  the  effect  of  the  descent  of  the  diaphragm.  Paralysis  has 
to  be  distinguished  from  (1)  abnormal  nervous  breathing.  The  dia- 
phiagm  ia  used  little  in  extraordinary  breathing,  which  is  chiefly  by 
tbd  upper  part  of  the  thorax,  of  the  "  superior  costal  type,"  as  it  ia 
called  Hysterical  and  nervous  patients  will  often  breathe,  for  a 
tifi>e«  only  in  this  manner,  even  when  at  perfect  rest,  especially  when 
thmf  »re  under  obserration.  Such  breathing  is  no  doubt  facilitated 
in  wonuen  bj  the  fact  that  the  diaphmgm  is  habitually  used  by  them 
tea*  tlkia  bj  men.  Bepeated  examination  may  be  necessary  to  deter- 
mine wheUker  there  is  any  real  paralysis  of  the  diaphragm  in  these 
f  gnr  A  single  diaphragmatic  inspiration  settles  the  point.  The 
patient's  attention  should  be  distracted,  and  she  should  not  be  aware 
oi  the  object  of  the  examination.  (2)  Inilummation  of  tlic  diaphragm 
ly  afrest  its  movement,  and  so  also  may  diaphragmatic  pleurisy  or 
-each  distinguished  by  the  fact  that  it  is  usually  secondary 
adjacent  inflammation,  and  any  moyement  caii§es  cbaracteristio 
pain.  (3)  A  primary  and  isolated  degeneration  of  the  muscular  fibres 
of  tbe  diaphragm  has  been  described  by  CaUender  and  others  as  com- 
aoQ  after  death,  but  it  has  not  yet  been  proved  to  cause  symptoms, 
attd  needs  further  investigation. 

Pandysis  may  be  due  to  disease  of  the  nerve,  its  roots,  or  of  the 

eord.     In  the  latter  case  other  muscles  always  suffer;  in  the 
the  diaphragm    usually   suffers   alone,    the   result  of    peri- 

nemtis.  The  distribution  and  the  course  of  the  other  pakies 
an  distinctive.  By  far  the  most  oommon  cause  is  disease  of  the  spinal 
oocd*  local  or  aaoending  from  below  and  adding  this  final  effect  to  the 
^needing  palij  of  the  intercostals.  In  disease  of  the  nerve-roots  there 
9gm  Qidunr  indi^tiona  of  the  position  of  the  disease.  The  affection  is 
often  overlooked  because  not  searched  for,  especially  in  local  disease 
of  tbe  cervical  oord.  The  observer  forgets  that  its  associations  are  not 
wilb  tbe  lower  dorsal  muscles,  and  he  omits  to  look  for  it  in  cases  in 

Ibe  cervical  cord  is  suffering  and  other  respiratory  muscles  act 


thes«  is   reason  to  suspect  partial  neuritis  as  from  cold,  hot 

itations  at  first,  and   siterwards   counter>irritation,  should   be 

orer  the  lower  and  inner  part  of  the  anterior  triangle  of  the 

Tbe  only  oUier  special  point  in  treatment  is  the  application  of 

ity.    The  nerve  may  be  stimulated  by  pressing  the  rheophoiv 

ovtside  the  lower  part  of  the  clavicular  portion  of  the  stemo- 

Hie  other  pole  may  be  placed  at  the  epigastrium  or  over  the 

I.  7 


correspondrng  half  of  the  diaphragm.  But  the  influence  of  electrid^ 
on  paralysis  of  the  diaphragm  is  not  Bufficient  to  make  its  um  demr* 
able.  In  the  oases  in  which  euch  treatment  could  do  good  the  aUtee- 
tion  16  transient  and  cotaparatively  unimportant  In  central  diseaii 
eleetricitj  haa  very  little  influence. 
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The  nerrea  of  the  arm  and  shoulder  are  derired  from  the  five  lower 

cemcal  and  the  first  dorsal  nerves.  These  interlace  in  the  brachial 
plexus  in  such  a  complex  manner  that  most  of  the  nerves  of  the  arm 
are  derived  from  manj  spimal  roots. 

The  nerve.rooU  forto,  by  their  utiion.  three  trunki,  which  w©  rosy  indicate  hj 
Roman  tintneralj.  They  are  formed  thus :— I,  by  the  branch  from  the  fourth,  and 
the  root«  of  the  fiFth  and  sixth  cervical ;  U,  by  the  neyeoth ;  and  HI,  by  the  eighth 
cemcal  and  the  first  dor§al.  Each  trunk  divides  into  two  parts,  and  th«<  tinioa  of 
these  diviaiont  forma  the  three  cords  of  the  brachial  plenia  from  which  the  oerrei 
ot  the  arm  proceed.  But  before  the  primary  trunks  divide,  certain  nerve*  arinw 
tbo  origin  of  which  is  thus  leea  doubtfnL  The  fifth  and  sixth  cervical  root*  give 
origin  directly  to  the  poeterior  thoracic  nerve  for  the  serratna,  and  from  the  oofd 
formed  by  their  union  tpringa  the  supra-acapnlar  nerve.  The  three  oorda  of  the 
pleiua  have  the  following  relations  t — ^The  posterior  is  derived  from  all  three 
pdmary  trunks,  and  givee  ri«e  to  the  snbftcapular  nerve»  the  circumflet,  and  the 
muftcnlo-apiral  (or  radial,  as  the  whole  nerve  it  sometimea  termed).  The  oppcr 
or  outer  cord  is  derived  from  the  two  npper  primary  tranka,  t.  e.  from  the  fonrth, 
fifth,  sixth,  and  seventh  cervical  roots,  and  from  it  proceed  one  anterior  thoracic 
and  the  in<iiiculo>cntaneoas  nerves,  together  with  the  outer  head  of  the  median. 
The  inner  or  lower  cord  is  derived  only  from  the  lowest  primary  trunk,  k  . 
from  the  tut  cervical  and  first  dorsal,  and  gives  rise  to  the  ulnar,  the  iuoer 
head  of  the  median,  the  internal  cntaneous,  the  intercosto-homeral,  and  to  the 
necond  anterior  thoracic  nerves.  It  may  be  eonvenient  to  put  these 
anatomical  relations  in  the  form  of  a  table. 

Primary  Tmnkt, 
Narvm.  JTerres. 

L 

4,  5.  and  6  a 

11. 


J 


Subtcapnlar  ••. 
Circnraflei  .  I 
Musoulo-apiral  J 


Poet 
oord 


6  and  7  G. 
III. 


Upper 
oord 


Lower 
eord 


flflxtemal  ant  thoracis. 
J  MuACQlo-cntaneousL 
[Outer  head  of^ 

-Inner  head  of  J 

Ulnar. 

Internal  outaneom. 

IntercoatchumeraL 

.Internal  ant  thomdo. 

TbeM  inatmnieal  facts,  however,  give  us  little  help  in  tracing  the  relation  of 
the  nerves  to  the  spinal  roots.     The  investigations  of  Ferrier  and  Yeo,*  who 

•  •Proe.  Roy,  Soc^'  Unuh  ll-t,  1881.  Careful  dissections  hj  Herriogham  (of, 
March  26th  1887)  give  somewh-t  different  result*,  but  this  method  of  inTestigation 
i«  op*o  to  more  ancerUintiai  than  that  of  stimuUdon.  Herringham's  eoaeluslaos 
thould,  however,  be  noted  bj  future  investigators. 
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wwrtained  the  Dnovpttietits  prodnct'd  bj  famdiRingthe  neTeral  npinal  roots  .in  ttit 
DJonkey,  »how  ds  IBp  way  in  which  the  movement*,  TDiisclea,  and  nerves  art 
^presented  in  the  apinal  roots.  Their  results  are  therefore  of  great  intereatp 
Uinough  we  are  not  juBtified  in  transferring  the  facta  to  man  except  in  to  far 
..^  rec^iFe confirmation  from  bnman  anatomy  and  pathology.*  Sahject  to 
*  "^*® 'Nation,  the  chief  retnlte  are  important,  and  may  be  thus  stated  rf 

^«  foots  to  which  the  sevei-al  nerves  are  thus  traced  are  as  follows; — Sub- 
"^pttlftr,  6  and  7C. ;  cii-cumflei,  4  and  5  C;  umsealo-Bpii-al,  4,  S,  6,  7,  8  0.  i 
njuwtilo.cutaneoua,  4.  6  C* ;  median.  5,  6,  7,  8  Cj  ulnar,  8  O.,  1  D. 

'-till  more  tuiportant  aie  their  obse  r  vat  ions  on  the  relation  of  TarionB  more- 
ci<"nta  of  the  arm  to  the  nerfe-roots,  and  these  are  as  followi : 
tervkal  4.—  Elevtition  and  reti^action  ot  the  arm,  fleiion  and  snpination  ol 
*  forearm;   by  the  rhomboids,  supra-  and  infra-spinatus,  biceps,  bmohialw, 
and  ■upinators. 

Cmncal  5*— Similar  to  the  last,  but  without  retraction  of  the  arm,  and  with 
«ten»ion  of  the  wrist  and  first  phalanges;  by  the  deltoid,  aerratus,  fleiore  of 
iloow,  ext«[iHors  of  wrist,  and  long  extenaora  of  fingers, 

Cervieat  6. — ^Adduction  and  retraction  of  the  upper  arm,  exlension  and  pro- 
nation of  the  forearm,  flexion  of  the  wriit ;  by  contraction  of  tht  peotoralii, 
iatrMimoB  dorti,  triceps,  flexor*  of  wrist,  pronators. 

Cervieal  7. — ^Addnution  and  rotation  inwards  at  the  shoulder-jointp  fleiion  of 
the  wrist,  and  of  the  fingers  at  the  second  phalanx;;  by  the  teree  majorp 
latissinms  dorsi,  subscapularis,  tricepn,  and  long  flexora  of  the  fingers. 

Cervical  8. — ^Flexion  of  fingers  and  thumb  so  as  to  close  the  fist;  fiexion  of 
Wrist  towards  the  ulnar  side,  pronation  of  forearm,  extension  of  elbow ;  by  the 
intrinsic  mnscles  of  the  hand,  the  long  flexors  of  the  fingert  and  thumb,  the 
Evxors  of  the  wriet  and  the  trioepe. 

Domal  1. — Adduction  of  the  thumbs  flexion  of  the  fingen  at  the  metacarpo* 
phiilangeHl  jointe;  by  the  inierossei,  Sua, 

Thus  most  movements  are  related  to  many  spinal  roota.  The  nerves  supplying 
each  muscle  have  a  correspondingly  multiple  relation  to  the  spinal  roots.  It 
cannot  be  traced  anatomically,  but  has  been  ascertained  by  comparing  the 
re!!>n1ts  of  experiments  on  animals  with  those  of  disease  and  injuty  in  man,  and 
(in  the  owe  of  sensation)  of  the  division  of  root*  for  the  treatment  of  some 
lonna  of  diseane.  The  facta  thus  ascertained  have  been  confirmed  by  cases  of 
daeaee  of  the  spinal  cord  itself,  which,  when  sufficiently  limited  to  be  signifioanty 
have  \yeen  found  to  agree  closely  with  observations  on  the  roots.  The  oon- 
■dtaentt  of  each  nerTe-root  come  from  a  definite  part  of  the  cord,  which  ia 
termed  the  corresponding  spinal  *' segment/'  A  single  muscle  is  seldom 
related  to  a  single  segment ;  nsuallj  its  nerve-fibres  oome  from  parts  of  two 
segmentc,  or  even  from  three.  Its  representation  in  the  grey  matter  of  the  cord 
corresponds  to  ite  relation  to  the  nerve-roots,  and  has  often  a  oonsiderable 
vertical  extent.  Tire  most  important  relations  are  these :  that  of  the  deltoid, 
rhumboida,  sapra-  and  iftfra-spinatua,  flexors  of  the  elbow,  and  iupinatora  to 

*  In  the  case  of  the  leg  there  are  somo  important  discrepiincEei  between  the 
^v^a1ts  in  the  ape  and  the  conditions  that  obtain  in  man.  These  will  be  nolloed  In 
tteir  proper  place. 

t  Ferrier  hss  since  stated  that  the  relations  he  gave  (followed  in  the  text)  wveall 
one  oerre  too  high  ('  Proc.  Boy.  Soc./18S3,  vol.  xxxv,  p^  2^),  hut  this  would  mnke 
th«-  innerTation  of  the  intriuslc  muacte»  of  the  hand  from  the  second  dorsal  aarvtp 
which  is  certainly  not  the  case  in  miiD. 
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th«  fonrtb  and  fifth  cervical ;  that  of  the  adductors  of  the  arm  and  extenioii 
of  the  elbnw  to  the  sixth  and  eeventh  Bevies;  pronation  to  the  sixth  and 
eighth ;  eitenition  of  tho  wrist  to  the  fiftli ;  ilexton  to  the  eighth  ;  eitenaion  of 
the  fiwt  phalanx  to  the  fifth;  flexion  of  tlie  tinijera  to  the  seventh  and  eij^hth, 
and  the  action  of  the  intrinsic  mnscles  of  the  hand  to  the  first  dorsHl,  These 
facts  frill  prohablri  in  the  future,  find  importiint  practical  applications. 

Regarding  the  relation  of  the  sensory  branches  to  the  nerve-roota,  we  have, 
bfitides  the  facts  of  anatomj,  only  the  avidenoe  furnished  by  Tare  oases  of 
injury  or  diaen^e  in  which  the  lesion  and  ita  effects  are  well  defined.*  Few 
facta  of  thi§  character  nre,  hoivever,  socunolnsive  oa  that  illurjitnited  in  Fig.  61,  in 
which  the  urea  shaded  by  slanting  lines  wbm  rendered  aniBsthetio  by  the  division 
of  the  posterior  roots  of  the  last  cervical  and  firat  dorsal  nerves.  The  general 
indications  are  that  the  distribution  of  the  sensory  fibres  of  the  nerve-roots  i'* 
along  the  nxis  of  the  limb,  and  not  across  it.  The  last  two  pairs  of  nefveM 
Biiji|ily  the  ulnar  side  of  the  limb  and  the  finger  tips,  the  fifth  pair  the  radii*! 
side  and  the  middle  roots  of  the  brachial  plexus,  the  middle  Kone  of  each  side  of 
the  limb  and  the  thttmb.f 


Fia.  51.— ArpH  of  itnpalred  aoneation  after  dirkien  of  the  posterior 
brniioho*  of  tbe  8th  C  nnd  1  D.  nerves,  by  Proftsaar  Horiley  for  inveterate 
paruxyswal  uenralgia  in  thst  rcgiott. 


Paralysis  of  the  nervea  of  tlie  upper  limb  may  be  due  to  disease  of 
the  nerve-roota,  of  the  plexus,  or  of  tbe  tnmks  that  ariae  from  these. 
It  is  conveiiieut  to  consider  first  the  difieaaes  of  the  nerre-tniiiks,  and 
afterwards  those  of  the  nerve-roots  and  of  the  plenia.  From  the 
roots  themselves  only  one  important  nerve-trunk  is  derived ; — the  po8- 
terior  thoracic  nerve.     The  others  spring  from  the  plexus. 

ihe  morbid  influences  that  affect  the  nerves  of  the  arm  are  Teir 
▼aried.  The  brachial  plexus  passes  close  to  the  shoulder- joint,  and 
hence  dislocation  often  daniaj^'es  the  nerves,  sometimes  one  only,  some- 
times several,  and  occasionally  all  the  tnmkfl.     In  fractiu^s  of  the 

•  Iattr«rtiT*»  facts  of  thi*  cburactfr  will  be  found  in  p»pcira  by  Thorburn^ 
•Brain/  JuitiMrv,  1hB7,  »w\  October,  18S7,  Allen  Starr  {* AitneTica^n  Journal  af  the 
M«<li  nl  Scii'i.c'*'.;  1802),  and  Head  (•  Bruin,'  1893  and  1894),  who  baa  mapped  out 
tit*  MroMB  n  iire«n*uting  the  se^rmentwl  diatrihtitiou  of  ibu  aenaory  fibrea  of  the  spJiml 
c»iril  hy  nicaiM  of  obtervntiona  on  auperficial  teiuti-rnt-as  accompunying  visceral 
dlMmaOf  on  enw*  of  herpe*  io«ter,  and  on  caaea  of  spinal  ooni  di-eaae.  (S^e  diagrama 
at  and  «r  ('lia|itcr  on  "  Functiona.") 

t  "lliiii  i*  ilti*  to  the  mode  of  growth  of  tho  arm'bnd  in  the  embryo,  as 
■liinvii  hy  Ho»a  \n  a  mo^t  Jtistrurtive  pnppr,  •  Brsin,'  January  7tlv  1888.  See 
ulao  chapUT  on  the  Functions  of  the  Spinal  Cord, 
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bones  tlie  nerves  adjacent  may  be  torn,  or  may  be  compressed  by 
the  ends  of  tbe  bone,  or  by  the  callus  that  is  formed,  eapecially  by  the 
exterior  "  fibrous  callus.**  The  mnsculo-spiral  nerre  is  most  prone  to 
suffer  from  its  proximity  to  the  humeras,  and  in  one  such  case  the 
nerre,  wben  exposed,  was  found  not  only  to  be  emlx?dded  in  the  callus 
tissue,  but  to  have  been  divided  for  about  one-third  of  its  diameter, 
opposite  the  fracture.  Bandages  that  are  applied  are  occasional  sources 
of  compression,  and  there  is  especial  danger  of  harm  from  those  that 
secure  a  splint  applied  to  prevent  motion  in  cases  of  neuritis.  Unless 
loss  of  sensation  drawa  attention  to  it,  the  injury  is  generally  only  dis- 
covered when  the  splint  is  given  up,  nnd  therefore  its  possibility  should 
be  remembered.  The  course  of  certain  nerves  is,  in  some  parts  of 
the  arm,  especially  apt  to  be  directly  involved  in  wounds  of  vEirious 
kinds,  or  they  may  be  compressed  by  the  cicatricial  fibrous  tissue  when 
the  wound  is  merely  near  the  nerve. 

The  position  of  some  exposes  them  to  pressure  against  the  unj  lelding 
bone.  Even  slight  pressure  on  these  nerves  is  effective  when  prolonged, 
BS  it  often  is  during  sleep,  when  warning  sensations  are  un perceived. 
The  sleep  induced  by  alcohol  ig  especially  apt  to  be  attended  by  this 
accident.  Hence  there  is  a  group  of  *'  Sleep-palsies"  of  the  arm» 
chiefly  of  the  musculo-apiral  and  modian  nerves,  rarely  of  the  plexus 
itself.  One  nerve,  the  musculo- spiral,  passing  between  the  bone  and 
the  triceps,  is  occasionally  bruised  by  the  contraction  of  the  muscle. 

Primary  neuritis  may  involve  any  nerve,  or  the  brachial  plexus^  or 
the  nerve-roots  ;  certain  nerves  are  also  particularly  prone  to  suffer  in 
peripheral  neuritis.  The  inflammation  of  the  plexus,  which  is  a 
unilateml  perineuritis,  is  separately  described  (Brachial  Tfl'euritia)  ; 
the  latter  ia  considered  in  the  general  accoirut  of  Multiple  Neuritis. 
Secondary  neuritis,  sot  up  by  injury  or  by  adjacent  inflammation,  may 
extend  upwards,  and,  rea4?hing  the  plexus,  spread  to  other  nerves. 
Keuromata  are  rara.  Various  morbid  processes  in  the  neck  may  involve 
the  nerve-roots. 

Posterior  Thoracic  Nerve — Nerve  to  the  Serrntiut, — In  consequence 
of  its  position  and  long  course,  the  nerve  to  the  serratus  often  suffers. 
Aft«r  being  fnrmed  ia  the  substance  of  the  scalenus  medius  muscle, 
by  the  nnion  of  branches  of  the  fifth  and  sixth  cervical  nerves,  it  passes 
behind  the  brachial  plexus  and  along  the  side  of  the  chest  to  th« 
lower  border  of  its  muscle.  It  is  in  the  neck  that  the  nerve  ia  most 
often  injured ;  injury  to  the  axilla  less  often  implicates  it.  It  may  be 
damaged  in  the  neck  by  direct  pressure — as  in  carrying  on  the  shoulder 
a  heavy  sharp-cornered  object — or  by  severe  muscular  efforts,  such  as 
carrying  a  weight  that  does  not  press  into  tbe  neck,  wielding  a  heavy 
hammer,  or  long-continued  exertion  with  the  raised  arm,  as,  for  instance, 
in  whitewafthing  a  ceiling.  In  ench  cases  a  traumatic  neuritis  is  setup 
by  the  violent  compression  of  the  nerve  consequent  on  the  forcible  or 
prolonged  contraction  of  the  muaclo  through  which  it  passea.    Whep^ 
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the  onset  of  the  palsy  occurs  immediately  on  tbe  exertion,  a  pa^ralysmg 
injury  to  the  nerve  must  have  occurred,  which  will  be  followed  by 
secondary  neuritis.  Falls  aud  blowa  on  the  neck  and  shoulder  are 
occasional  causes  ;  there  is  usually  much  bruising'  of  the  adjjicent  parts. 
Punctured  and  goin-ahot  wounds  occasionally  involve  the  nerve,  which 
may  also  be  affected  in  or  after  typhoid  fever,  intiueiiua,  and  diphtheria. 
The  least  frequent  cause  is  exposure  to  cold»  such  as  a  draught  on  the 
neck,  or  sleeping  on  damp  earth.  I  have  once  known  it  to  follow  par- 
turition, developing  four  days  aft4?rwards,  doubtleas  from  neuritis 
excited  either  by  the  muscular  exertion  or  by  exposure  of  the  neck  to 
cold  during  the  labour.  An  hysterical  paralysis  in  the  distribution  of 
the  nerve  has  been  described  by  Yerhoogen.  The  serratus  suffers  also 
in  central  disease,  chiefly  in  progressive  muscular  atrophy  and  dys- 
trophy and  infantile  paralysis ;  but  in  these  it  is  always  associated  with 
palsy  of  other  muscles.  Isolated  paralysis  of  these  nerves  is  nine 
times  as  frequent  in  men  as  in  women.  It  occurs  chiefly  in  muscular 
workers,  and  during  the  active  period  of  life,  twenty-five  to  forty. 
The  immediate  causes  sufficiently  explain  this  relation  to  age  and  sex^ 
and  they  also  account  for  another  f act^ — that  it  is  far  more  frequent  on 
the  right  side  than  on  the  left.  It  is  soWetimes  bilateral,  but  the  two 
nerves  are  never  damaged  at  the  same  time.  One  man  was  affecteti  on 
the  right  side  after  carrying  heavy  beams  on  the  shoulder ;  he  then 
oarried  them  on  the  left  shoulder,  and  the  left  serratus  became  paralysed. 

Severe  neuralgic  pains  in  the  neck  and  about  the  shoulder  commonly 
precede  and  accompany  the  onset  of  the  affection  when  due  to  neuritis. 
The  symptoms  of  the  paralysis  of  the  serratus  have  been  already  de- 
tcribed  (p,  S5).  It  is  readily  recognised  by  the  recession  of  the  posterior 
edge  of  the  scapula  from  the  thorax  when  the  arm  is  put  forwards 
(Fig.  8,  p.  36).  In  severe  cases  the  muscle  is  found  to  have  lost 
f aradic  irritabLlity ,  although  it  may  still  contract  to  the  voltaic  current. 

The  course  of  a  severe  case  is  always  tedious.  Months  may  pass 
before  improvement  is  manifested,  and  the  paralysis  is  sometimes  per- 
manent. In  treatment  it  is  desirable  to  maintain  the  nutrition  of  the 
muscle,  as  far  as  possible,  by  electrical  stimulation,  and  its  superficial 
■ituation  renders  this  easy.  If  counter-irritation  is  desirable,  it  should 
be  applied  over  the  position  of  the  scalenus,  since  the  lesion  of  the 
nerve  is  commonly  at  this  place.  The  use  of  the  arm  should  be 
limited.  When  practicable,  the  elbow  should  be  carried  in  a  sling  of 
inch  a  length  as  slightly  to  raise  the  shoulder.  All  movements  that 
may  involve  contraction  of  the  scalenus*  *.  e.  aU  movementB  needing 
elevation  of  the  shoulder,  must  be  prohibited. 

The  mtpra-seapular  nerve  arises  from  the  trunk  formed  by  the 
nnion  of  the  sixth,  fifth,  and  a  branch  of  the  fourth  cervical  nerves, 
but  its  fibres  come  from  the  fifth  and  partly  from  the  fourth.  It  is 
occasionally  damaged,  alone  or  with  the  circumflex,  in  dislocation 
of  the  humerus,  and  by  falls  on  the  shoulder,  and  by  carrying 
lieaTT  weights.     In  some  cases  the  injury  may  be  to  the  upi>er  part 


NBaVES   OF   THE    ABH, 


103 


of  t"hc  plexus  (see  p.  Ill),  which  may  recoTer  except  this  nerve  It 
suffered  with  the  circumflei,  in  a  case  recorded  by  Eemak,  from  acut-o 
limited  inflammation  of  the  pleniE,  dne  to  erpogure  to  cold  after  over- 
1186  of  the  arms.  Bernhardt  has  seen  it  following  a  faO  npon  the 
hand.  The  result  of  ita  disease  is  palsy  of  the  supra^  and  infra- 
epinatuB  (p.  37).  The  latter  is  the  more  important,  and  causes  m 
defect  of  the  rotation  outwards  of  the  humerus,  interfering  with  many 
movements^  and,  among  others,  with  the  movement  of  the  pen  along 
the  line  in  writing.  Undue  work  is  thrown  on  the  posterior  part  of 
the  deltoid  and  the  teres  minor;  the  deltoid  may  become  hjpertrophied, 
and  ita  posterior  edge  is  conspicuous  against  the  wasted  inf  ra-apinatus. 
The  acapnia  is  rotated,  so  that  the  lower  angle  is  moved  upwards  and 
inwards.  The  paralysis  of  the  supra-spinatua  ia  unimportant,  except 
that  the  humerus  is  less  firmly  fixed  and  the  deltoid  more  readily 
fatigued.  It  can,  in  very  alight  degree,  supplement  the  deltoid,  and 
if  paralysed  with  the  deltoid,  the  head  of  the  humema  falls  more  than 
it  does  when  the  deltoid  is  paralysed  alone.  Some  anajsthesia  over 
the  scapula  often  results  from  disease  of  this  nerve ;  early  in  the  affec- 
tion there  ia  frequently  severe  pain  in  the  region  of  the  ahoulder-girdle. 
The  Circumfiax  nerve,  although  arising  from  the  posterior  cord  of 
the  plexus,  seeme  to  derive  its  fibres  from  the  same  source  as  the 
supra-scapular,  the  fourth  and  fifth  cervical  nerves.  It  supplies  the 
deltoid  and  teres  minor,  and  the  skin  over  the  deltoid.  The  course 
of  the  nerve  renders  it  very  liable  to  injury  from  diBlocations  and  falls 
on  the  shoulder,  and  from  the  pressure  of  a  crutch.  Simple  neuritie 
And  so-called  '*  rheumatic  palsy  "  are  rare,  but  the  nerve  has  been 
affected  in  some  acute  diseases,  possibly  from  pressure,  and  in  rheumatio 
ferer,  perhaps  by  inflammation  extending  from  the  joint-  typhoid 
and  diabetes  may  also  give  rise  to  circumfiei  paralysia.  It  suffers, 
with  other  nerves,  from  disease  of  the  upper  part  of  the  brachial 
plexiiB,  and  the  chief  symptom  ie  paralysis  of  the  deltoid  (p.  36), 
which  abolishes  almost  all  power  of  raising  the  arm,  a  very  trifling 
degree  of  abduction  by  the  supra-spinatus  alone  remaining.  The 
slight  nerve- Rupply  that  the  fore-part  of  the  deltoid  receives  from  one 
of  the  anterior  thoracic  nerves  is  inauf^cient  to  mitigate  the  effect  of 
the  paralysis  of  the  circumflex,  although  it  may  maintain  slight  power 
of  voluntary  contraction  in  the  anterior  fibres,  and  this  sometimes 
gives  rise  to  an  erroneous  impression  that  the  paralysis  of  the  circum- 
flex nerve  is  incomplete.  The  effect  of  the  conjoined  palsy  of  the 
teres  minor  is  unimportant.  The  wasting  of  the  deltoid  causes  a 
chaiige  in  the  shape  of  the  ehoulder  (Figs.  7  and  9),  Sensation  may 
be  lost  in  the  akin  over  the  lower  part  of  the  muscle,  and  the  loss 
sometimes  extends  on  to  the  shoulder  (Fig.  52)  ;  Hitzig  pointed  out 
many  years  ago  that  the  aneesthetic  area  is  often  the  seat  of  vaso-  motor 
paralysis.  In  some  cases  there  is  no  ansesthesia,  even  when  the  muscle 
is  wholly  paralysed ;  we  have  seen  that  this  is  often  the  case  in  nerve 
ledons  (p.  78),    Adhesions  are  apt  to  form  in  the  shoulder- joint,  in 
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part  probably  the  result  of  trophic  changes,  since  the  circumflex  supplies 
the  articulation  as  well  as  the  chief  miiade  tba-t  niovt's  it. 

Tlie  diagnosis  of  the  ]>amlj8i8  of  the  circnm- 
flei  nerve  ia  easy.  The  onlj  condition  readily 
mistaken  for  it  is  anchylosis  of  the  shoulder- 
joint  in  a  atout  individual,  in  whom  the  state 
of  nutrition  of  the  muscle  is  not  readily  per* 
i-eived.  The  risk  of  error  ia  increased  by  the 
fact  that  arthritis  and  paralysis  may  result 
from  the  same  cause—  a  fall  on  the  shoulder. 
Passire  movement  at  onco  solves  the  problem. 
The  scapula  moves  with  the  arm  in  ant^hylosisj 
and  not  in  palsy.  Furthermore,  attempts  at 
voluntary  contraction  leave  the  muscle  flaccid, 
while  if  the  affection  is  in  the  joint  the  muscle- 
fibres  be  ome  rigid  in  the  attempt  to  contract. 
I'm.  52.— Disease  of  tbe  '^®  importance  of  examining  the  joint  is  very 
circmnflei  nerve  from  great  in  all  cases  of  interference  with  muve- 

pre.aure  neurili»  dnring    ^^^^     ^j     ^j^      shoulder.       A    patient    had    an 
acute  ilLuesji;  WHtitiD^  alF         ^  '>' 

deitokl.   The  dot tc^i  line  epileptic  fit  which  was  supposed  to  have  left 

mdic:itoi  the  axm  of  cu-  brachial  monoplegia,  merely  because  he  fell  on 
the  shoulder,  and  the  movement  of  the  arm 
was  lessened  first  by  pain,  and  then  by  arthritic  adhesions.     In  dia- 
gnosing the  lesion  from  those  of  other  nerves,  the  electrical  reactions 
and  the  area  of  anaesthesia  may  be  important. 

The  Musculo-cutaneous  iin'Vi*  supplies  the  chief  flexors  of  the  elbow 
and  the  skin  over  the  radial  side  of  the  forearm.  It  ia  scarcely  ever 
paralysed  alone,  but  often  suffers,  with  other  nerves,  in  disease  of  tlie 
Vtrachial  plexus.  In  the  few  recorded  cases  the  cause  has  been 
traumatic,*  but  in  Ttemak's  case  of  |  aralysis  of  the  supra-scapular 
and  circumflex  nerves  on  the  right  side,  from  limited  neuritis  of  the 
plexus,  there  was  complet-e  palsy  of  this  nerve  on  the  left,  thought  to 
l»e  due  to  a  still  UKire  limited  inflammation  in  the  left  brachial  pleiua.t 
The  svmptoms  corresiwiid  to  its  function  •  there  is  paralysis  of  the 
biceps  and  bra<ihia.lis  anticua  (see  pp.  38,  39),  the  effect  of  which  is 
especially  consjjicuous  when  the  arm  is  supinated  and  the  supinator 
longus  cannot  flex  the  elbow.  There  may  also  be  anaesthesia  of  tht'  radial 
side  of  the  forearm. 

The  Muaculo-tipiral  nerve  is  more  frequently  paralysed  alone  than 
any  other  nerve  of  the  arm.  Arising  from  the  posterior  cord  of 
the  brachial  plexus,  it  seems  to  derive  its  motor  fibres  from  all  the 
nt*rve-roots  that  enter  the  ]>lcxus  except  the  first  dorsal.  It  6upi>bes 
the  triceps,  all  the  muscles  on  the  back  of  the  forearm,  the  extensors 
of  the  wrist  and  fingers,  both  the  supinators,  also  the  skin  oa  the 
radial  side  of  the  back  of  the  hand,  the  bock  of  the  thumb,  index 
•  Sc«  Bcrnlmidt.  '  ErkrHuk,  peHpber.  Nerven./  1897,  p.  329. 
t  ■  Xenr.  Centnilbi;  189*?,  p.  578. 
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fioger.  and  half  the  middle  finger.  It  Is  thus  the  extensor  nerre  of 
the  arm,  and  has  a  more  complete  relation  to  a  single  function  than 

common  among  the  nervea  of  the  Iknbs  ;  a  fact  that  has  given  rise 
to  diagnostic  error,  since  a  palsy  limited  to  a  single  function  suggests 
a  central  cause.  The  frequency  with  which  this  nerve  suffers  is  due 
to  its  course.  As  it  leaves  the  bracliial  plexus  to  wind  round  the  bone, 
its  positio'.  exposes  it  to  injury  in  dislocation  or  from  the  pressure  of 
a  crutch  the  most  common  form  of  *'  crutch  palsy  '*  is  paralysis  of 
this  nen  a  Lying  as  it  does  close  to  the  himierus,  it  is  readUy  torn 
in  fracture,  or  compressed  by  calhia,  and  it  suffers  gravely  from  even 
temporary  pressure  against  the  hard  bone.  Such  pressure  is  often 
exerted  during  sleep,  especially  that  induced  by  alcohol.  The  nerve 
may  be  paralysed  by  the  pressure  to  which  it  is  exposed  when  the 
body,  with  the  arm  beneath  it,  rests  on  the  ground  or  on  a  hard 
bod.  Thus  a  man  slept  aU  night  on  a  bench,  lying  on  hia  right 
side  with  hia  arm  beneath  him,  and  woke  in  the  morning  with  this 
nerve  paralysed.  Curiously,  a  precisely  similar  event  had  occurred 
to  him  three  years  before.  In  other  cases  the  pressure  on  the  nerve 
is  that  of  a  hard  and  sharp  object  over  which  the  arm  is  placed 
during  sleep,  as  the  edge  of  a  chair  or  the  side  of  a  couch.  The 
Continental  custom  of  tying  together,  behind  the  body,  the  arms 
of  a  prisoner,  often  causes  paralysis  of  this  nerve,  sometimes  on  both 
sides.  In  Eussia  it  is  not  uncommon  in  infants,  from  the  popular 
practice  of  binding  the  arms  t-o  the  body  and  then  laying  the  child  to 
sleep  on  its  side,  I  have  three  times  met  with  paralysis  from  a  violent 
contraction  of  the  triceps,  once  diuing  the  act  of  pulling  on  a  tight 
pair  of  boots,  once  from  throwing  a  stone  with  energy;  and  once  from 
grasping  a  lamp-post  to  avoid  a  fall  during  a  severe  attack  of  giddi- 
ness. In  each  the  nerve  was  at  once  completely  paralysed ;  and  in  the 
iecondp  in  which  the  palsy  was  severe,  a  bruised  appearance  was  ob- 
served  over  the  lower  part  of  the  triceps.  Keuritis  due  to  cold  is  often 
aceiuned  to  be  a  cause,  and  is  possibly  sometimes  effective,  but  the 
exposure  has  usually  been  during  alcohoHc  sleep,  and  it  is  probable  that 
the  paralysis  is  due  to  compression  rather  than  to  cold.  The  same 
influence  may  also  have  been  operative  in  cases  in  which  the  nerve  has 
been  paralysed  during  an  acute  disease.  Although  in  a  case  of  para- 
lysis during  typhus^  described  by  Bernhardt,  neuritis  was  found  after 
death,  this  was  at  the  spot  at  which  pressure  is  usually  effective,  and 
the  inflammation  was  probably  thus  excited.  Pressure  always  sets 
up  neuritis,  and  the  diagnosis  of  a  primary  neuritis  is  never  justified 
if  the  sjK)t  affected  is  one  liable  to  compression.  Pamlysis  of  this 
nerve,  with  others,  has  followed  the  use  of  an  Esmarch's  bandage ;  and 
a  partial  palsy  sometimes  results  from  the  habitual  or  even  occasional 
ijijection  of  ether  beneath  the  skin  of  the  posterior  part  of  the  arm. 

The  symptoms  of  disease  of  the  musculo- spiral  nerve  are  paralysis 
of  the  extensors  of  the  elbow  and  of  the  wrist,  the  long  extensors  of  the 
tigers  and  thumb,  and  the  supinators  (see  pp.  37 — 40),    All  these  are 
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paraljsed  by  a  complete  le«ion  of  the  nerve  near  the  brachial  plexus. 
When  the  IcHion  ia  near  the  middle  of  the  hnmenid,  as  it  ifi  in  most 
cases  of  compression^  the  triceps  generally  escapes^  but  not  always. 
The  supinator  longus  is  usually  paralyse^!,  but  escapes  if  the  leaion 
is  below  the  origin  of  its  branch,  and  may  also  escape  if  the  injury  to 
the  nerre  is  incomplete.  In  sleep  palsy  it  UBUJilly  suffers,  but  I  have 
seen  it  unaffected,  in  a  case  in  which  the  ext.  carpi  radialia  was  also 
but  little  affected,  and  Bernhardt  has  noted  the  escape  of  the  aupinator 
in  an  otherwise  complete  paralysis  from  dislocation  of  the  humerus. 
The  extensor  palsy  causes  characteristic  wrist-drop,  and  loss  of  tlie 
power  of  eitendiug  the  first  phalanges  of  the  fingers  and  the  thumb 
(see  p.  40).  There  is  sometimes  a  gradation  of  palsy  from  the  first 
finger,  in  which  it  is  least,  to  the  fourth,  in  which  it  is  greatest  ( ¥i^, 
58).    The  same  gradation  is  seen  in  lead  palsy,  and  other  £oRn«  of 


Fto.  68. — prirmlyiti  of  the  nii4eii1o-»piTnl  nerve  j  maxtmoiB  vxteotlon  of 
wriit  and  flngen.  The  extenrion  of  th«  6n^rs  progreMtvelj  diminUbat 
from  th«  firtt  to  tb«  foartb.     (From  a  photograph.) 

peripheral  neuritis.  It  is  not  easy  to  explain.  The  action  of  the 
flexors  is  feeble,  from  the  loss  of  antergic  support ;  in  most  cases  of 
oomplete  palsy  I  have  found  the  power  of  flexion  reduoed  from  this 
to  one  third  of  the  normal.    The  loss  of  the  power  of  supination 

is  a  grave  inoonvenienoeL 
If  an  object  is  grasped 
firmly  the  arm  becomes 
pronated.  The  patient 
tries  to  compensate  for 
the  loss  by  putting  the 
elbow  against  the  tide 
and  rotating  the  humerus. 
Fie,  64.— ProminrDM  %t  bftck  of  hnnd  from  pan*  The  pronators  may  nlti- 
lj»{aof  tlieeit«n«ori.    Th«  pstietit  wt«  •uOering  ^j^^^^j-  Income  shortened. 

ffoai  wri»i-«lrop  due  to  tilTer  pokotiitig  (Me  toI.  ,-^       '^  ^      .  *     *. 

ii,  *  Ar^riii "),  r  e  ^  ^^    over-flexion    of    the 

carpus,  and  ita  deficient 
impport  by  the  extensor  tendons,  lead  to  a  prominence  of  synoTial 
■acs,  and  perhaps  of  the  bones,  at  the  back  of  the  carpus  (Fig.  54). 
In  eerere  caees  the  muscles  waste,  and  the  maximum  circumferenoe  of 
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limb  below  the  elbow  maj  be  t^  quarter  or  half  an  inch  less  than 
on  the  other  aide ;  at  the  same  time  there  may  be  thickening  of  the 
iMidon-aheaths  at  the  back  of  the  hand.  The  electrical  reaction 
depcfuiii  on  the  gereritY  of  the  lesion  of  the  nerve ;  commonly  there 
11  woD^marked  degenerative  reaction.  The  affection  of  sensibilitj  in 
^0  ftrea  supplied  bjr  the  nerve  is  veij  variable.  The  skin  of  the 
upper  arm  rardj  lotes  feelinj^ ;  in  the  hand  sensation  maj  be  normal 
ahbongh  the  muscular  paraljsis  is  complete.  There  maj  be  sub- 
j«ctire  "  tingling"  in  the  part  althongh  there  ia  no  loss  of  senflibility. 
The  elbow-  and  wrist-jerks  maj  be  lost  even  when  the  reaction  of 
degeoeration  is  not  present. 

Hie  diagnosia  is  eaaj  in  most  cases.  The  affection  is  distinguished 
from  lead  palsj  bj  its  common  limitation  to  one  arm,  bj  the  affec- 
tion of  ihe  supinator,  and  often  hj  the  sudden  onset ;  that  from  lead 
M  gradual.  The  latter  ia  further  characterised  bj  the  earlj  onset  of 
the  degenerative  reaction  in  the  affected  muscles.  These  oharacterSp 
ftBd  the  oommonlj  obtrusive  cause»  always  sufilce  for  the  diagnosis, 
tt  intut  be  remembered*  however^  that  this  nerve  is  one  most  fre- 
^pentlj  affected  in  many  other  forms  of  multiple  neuritis  {q*  i?.)^ 
Tlie  prognocia  in  disease  of  the  musculo-spiral  nerve  depends  on  the 
MTeritf  of  the  lesion,  aa  indicated  bj  the  electrical  reaction.  When 
thflffe  ia  evidence  of  nerve  degeneration  the  paralysis  usually  lasts  for 
wome  momtha.  Recovery  ultimately  occurs  in  almost  all  cases.  The 
traatmeat  ta  that  for  neuritis,  already  described,  but  att«?iition  should 
be  paid  to  the  posture  of  the  limb,  so  aa  to  avoid  tension  on  the 
•ffictod  part  of  the  nerve.  For  thia  reason,  and  also  because  strong 
eOttftnKtion  ol  the  triceps  may  further  injure  the  nerve,  extenaion  of 
tt»  dibow  should  be  avoided  in  cases  of  lesion  of  the  nerve  aa  it  winds 

tho  humerus. 
The  Median  nerv^  supplies  the  pronators,  the  radial  flexor  of  the 

the  palmaria  longus,  the  flexors  of  the  fingers  (except  the  ulnar 
bslf  of  the  deep  flexor),  the  musdea  that  abduct  and  flex  the  thumb« 
•ad  tiMtwo  radial  lumbricales.  Its  motor  fibres  seem  to  have  an  exten- 
odgia  from  all  the  cervical  roota  that  enter  the  brachial  plexus.  It 
sensation  on  the  radial  side  of  the  palm,  on  the  front  of  the 

,  of  the  first  two  fingers,  and  of  half  the  third  finger,  and  also,  a1 
in  many  persons,  on  the  back  of  the  last  phalanx  of  tlie  index  and 
BJddfe  finger ;  sometimes  also  on  the  adjacent  part  of  the  back  of  tlie 
ring  finf^  and  the  back  of  the  last  phalanx  of  the  thumb.  Isolate  d 
poisT  of  this  nerre  is  not  frequent,  and  generally  results  from  wounds 
of  tho  fofcam,  or  fractures  of  the  forearm  bones,  rarely  from  injuries 
m  Hm  vppsr  arm.    The  nerve  is  occasionally  the  seat  of  neuritis, 

may  be  induc<.*d  by  compression,  especially  in  those  who,  in 
,  hftve  to  hold  an  object  between  the  hand  and  upper  arm. 
Qpeoylioii  paralysers  of  this  nerve  have  been  observed  in  ironers^ 
joiners,  cigarette  makers,  and  once  in  a  dentist.      Tho 

mmf  abo  •nffor  as  the  result  of  pressure  of  the  head  of  tha 
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hviiiii*rut  in  8l<»ep  or  narcosis,  while  in  former  days  it  was  not  infre- 
(jiiontly  injured  by  tmskilful  veneeectors.  I  have  known  it  to  be 
l*anUy»«d  at  the  wrist  a  few  hours  after  a  severe  sprain  of  this 
juiiit.  Webber  has  recorded  a  case  in  which  it  seemed  to  be  injnred 
l*v  a  violent  contraction  of  the  pronator  teres  Whon  there  Is  com- 
|«|(?to  damage  to  the  nerve,  pronation  is  impossibie  beyond  the  mid- 
po»iition»  to  which  the  supinator  longus  can  bring  the  forearm,  and 
an  attempt  is  made  to  supplement  thia  by  rotating  the  humenis 
inwards,  and  separating  the  elbow  from  the  side.  The  wrist  vxlu  only 
li<t  Hoied  with  a  strong  inclination  towards  the  ulnar  side.  The 
thumb  IB  in  persistent  extension  and  adduction  (like  the  thumb  of  the 
ape,  Figs.  22  and  23,  p.  44),  and  cannot  be  opposed  to  the  tips  of  the 
fliigors.  The  power  of  flexing  the  second  phalanges  on  Ihefixst  is  lost, 
auil  also  thai  of  flexing  the  distal  phalanx  of  the  first  and  second 
fiii^'crs,  but  f  his  phalanx  can  still  be  flexed  in  the  third  and  fourth 
fingers  by  the  ulnar  half  of  the  flexor  profundus  (see  p.  41).  Inter- 
osseal  flexion  of  the  first  phalanx  is  still  possible,  and  the  unopposed 
extensor  action  of  the  interossei  on  the  middle  and  distal  phalanges 
tends  to  cause  a  subluxation  of  the  articulations  concerned.  The 
wanting  of  the  thenar  muscles  m  usuiilly  conspicuous.  The  resulting 
eotiditioM  is  very  characteristic ;  but  if  the  damage  is  at  the  wrist,  flexion 
of  the  wrist  and  distal  phalanges  remains.  The  sensory  loss  is  variable; 
il  mny  be  absolute  or  absent  If  there  is  anffistbesia  it  is  greater  on 
the  palmar  surface,  and  will  often  be  found  also  on  the  dorsal  aspect 
of  the  exti^'mities  of  the  first  two  fingers.  Trophic  changes  of  the 
ekin  and  nails  aro  not  uncommon. 

The  Ulnar  nerve  conies,  through  the  inner  cord  of  the  plexus,  from 
tliM  lawt  eja*vif"al  and  first  dorsal  roots,  and  its  ori^iu  from  the  lowest 
pajt  of  tlio  ccrviiial  enlargement  gives  it  an  important  relation,  since  it 
ti  tliu  first  of  all  the  brachial  nerves  to  be  affect*:d  by  disease  that 
ai»i?«iids  from  the  dorsal  to  the  cervical  region  of  the  spinal  cord.  The 
iiorvn  Hnppli<'a  the  ulnar  flexor  of  the  wiist,  the  ulnar  half  of  the  deep 
Hi'xcir  of  the  fingers,  the  muscles  of  the  little  finger,  the  interossei, 
«oine  c»f  tlie  lumbricjiles,  the  adductor,  and  inner  head  of  the  short  flexor 
of  the  thumb.  Its  sensory  area  is  the  ulnar  side  of  the  hand,  back 
iii\i[  front,  generally  more  extensive  on  the  back  (two  fingers  and  a 
hjdf  j  than  on  the  front  (one  finger  and  a  half).  Tlie  course  of  the 
urrvtj,  ■npcrficial  behind  the  elbow  and  at  the  wrist,  renders  it  liable 
U*  soparal*)  injury.  It  is  often  impHcated  in  wounds  of  the  forearm, 
imil  about  the  elbow-joint,  by  dislocations  of  the  shoulder  and  elbow, 
iularginuent  of  the  elbow  bones,  and  by  fractures  of  the  bones  of  the 
tMidui'm.  It  is  occasionally  the  seat  of  neuritis,  and,  like  the  musculo- 
spiral  mirve,  it  is  sometimes  paralysed  by  pressure.  At  the  elbow  the 
|iiojtHviing  buncH  preserve  the  nerve  from  direct  pressure;  although 
Ihiiihtinne  describes  paralysis  in  men  who,  while  at  work,  rest  the  bent 
;,  > .  ,  ^s.  (iti  a  hard  Hul-^stance.  this  mechanism  is  certiiinly  rare.  It  is  much 
,1    iHininuiu  for  Uiu  nerve  to  suffer  in  long- continued  flexion  of  the 
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elbow,  without  external  pressure;  and  from  this  cause  the  nerre  in 
iometimes  pai-aljaed  during  sleep.*  I  have  three  times  seen  a  sleep 
palsj  of  the  ulnar  nerre.  The  tension  uiay  set  up  neuritis,  and  is 
fiffpecially  effective  if  the  resistance  of  the  tissues  to  morbid  influences 
IB  lessened  by  general  ill-health.  Many  persons  must  hai^e  noticed 
that  if,  when  out  of  health,  they  sleep  with  the  elbow  bent,  they  wake 
with  tingling^,  and  even  loss  of  feoliug,  in  the  re^'ion  supplied  by  the 
ulnar  nerve»  although  this  may  not  happen  when  they  are  in  good 
health.  If  the  ill-health  is  profound,  as  in  an  acute  illness,  local 
neuritis  of  considerable  intensity  may  be  set  up.  Thu«  a  lady,  a  few 
days  after  childbirth,  who  was  prostrated  by  a  long,  exhausting  labour^ 
noticed  tingling  in  the  side  of  the  hand»  and  whenever  she  bent  her 
elbow,  a  sensation  *'  as  if  she  had  knocked  her  f  imny-bune."  Paralysis 
of  the  muscles  supplied  by  the  ulnar  nerve  followed  in  a  few  hours, 
and  in  a  fortnight  th*'re  was  disstinct  wasting.  When  I  saw  her,  »ix 
months  later,  the  ulnar  nerve  behind  the  elbow  was  distinctly  thickened. 
She  had  had  a  similar  but  more  transient  attack  after  a  previous  con- 
finement. A  similar  palsy  has  occurred  during  the  course  of  typhoid 
fever,  and  both  nerves  have  been  known  to  suffer  (Bernhardt).  In 
such  conditions  not  only  is  the  tissue  health  lowered,  but  warning 
sensations  are  often  uiii>erceived.  Actual  cysts  of  the  nerve  have  been 
described  by  Bowlby  and  zum  Busch, 

The  importance  of  the  interosseal  flexion  of  the  fingers  for  many 
actions,  such  as  writing,  renders  palsy  of  the  ulnar  nerve  peculiarly  dis- 
abling. Several  Ulustrationa  of  the  symptoms  have  already  been  given 
{pp.42  and 43).  In  flexion  of  the  wrist  the  hand  deviates  totvsirds  the 
radial  side,  and  persistent  distortion  may  take  place.  Adduction  of 
the  thumb  is  lost,  and  so  are  most  movements  of  the  little  finger.  The 
fingers  cannot  be  flexed  at  the  first  or  extended  at  the  other  joints, 
but  the  loss  is  slighter  in  the  first  two  fingers  than  in  the  others,  because 
their  lumbricales  are  supplied  by  the  median  nerve.  In  time  the 
opponents  of  the  interossei,  by  their  contracture,  lead  to  over- exten- 
sion of  the  first  phalanges  and  flexion  of  the  others  j  the  "  claw-like 
hand  **  is  produced  (see  p.  43),  but  this  is  less  complete  than  in  cases 
of  progressive  muscular  atrophy,  on  account  of  the  eacape  of  the  first 
two  lumbricales.  AYhen  the  i^sy  is  imperfect  it  may  be  possible  to 
extend  the  second  and  third  phalanges,  if  the  first  can  be  over-extended 
and  an  advantage  thus  given  to  the  interossei  by  the  lengthening  of 
the  course  of  their  tendons,  just  aa  in  partial  paralysis  of  the  long 
extensors  they  may  be  able  to  extend  the  digits  if  the  wrist  is  flexed, 
but  not  if  it  is  extended.  In  lasting  damage  the  hypothenar  eminence 
may  disappear,  the  palm  is  hollow,  the  thenar  muscles  that  remain 

*  H*  Braun  (' Deutseh.  med.  Wocli.,'  1894)  believes  that  in  sfeep  the  ner?«  19 
eompiv««ed,  not  at  tbe  elbow  Imt  ut  the  shouider,  particoUrlv  when  tJia  arm  u 
■bducted  «ad  carried  bwck  wft«i«,  to  that  th«  bandt  are  crosai'd  behind  the  liatidL  A 
•imilur  effect  may  rennlt  from  th«  arm  being  held  in  tbia  pufeitlon  iu  »u  operation^ 
#.  jp.  the  reiiioTnl  of  a  breast. 
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stand  out,  and  tlie  opponena  may  caue©  a  eliglit  forward  rotatioii  d 
the  thumb. 

The  loss  of  sensation,  as  in  the  case  of  the  other  nerres*  Tariet  much, 
both  according  to,  and  irrespective  of,  the  dt>gree  of  lesion  of  tba 
nerve.  SubjectiTe  sensations  are  common,  with  and  without  anrot- 
thesia,  and  those  who  have  had  neiiritis  are  sometimes  unable  to  bend 
the  elbow  for  a  few  minutes  without  a  sensation  of  tingling  in  iha 
area  supplied.* 

The  diagnosis  of  disease  of  the  ulnar  nerve  is  easj.    A  difficult  is 
OGCasioniilly  caused  bj  the  circumstance  already  mentioned,  that  diK^B 
ease  at  the  lowest  part  of  the  cervical  enlargement  may  cause  sym-  ^m 
ptoms  limited  to  the  region  of  this  nerve»  but  a  loiowledge  of  the  fact 
is  usually  sufficient  to  prevent  an  error .f 


^ 


CoHBiN ED  Paxsieb  OF  TH8  Nbbteb  OF  THB  Abv. — ^Paralysis  in  the 
region  of  two  or  more  of  the  nerves  of  the  arm  is  very  common,  and 
results  from  many  causes.  It  may  be  due  to  disease  of  the  spinal 
cord  or  of  the  nerve-roots  within  the  spinal  canal,  but  with  these  we 
are  not  now  concerned*  The  most  frequent  causes  outside  the  spinal 
canal  are  the  following: — (1)  Morbid  processes  in  the  neck,  afTectiog 
the  nerve-roots  outside  the  epine  or  the  upper  part  of  the  brachial 
plejnis,  especially  growths  and  exostoses.  (2)  Diseases  of  the  plexus 
itself,  neuritis  or  injury,  dislocations  of  tke  shoulder,  the  stretching  by 
a  sudden  wrench  of  the  arm,  J  or  actual  rupture  of  the  nerves  entering 
the  plexus  by  great  local  violence.  §  (3)  Fractures  of  the  bones.  (4) 
Neuritis,  which  may  ascend  a  nerve  of  the  arm  to  the  part  of  the  plexus 
whence  it  comes,  and  there  spread ;  or  neuritis  of  the  plexus  maj  fat 
primary  and  of  various  extent,  •*  neuritis  migrans.*' 

The  last,  ascending  neuritis,  occurs  when  an  injury  of  A  single  nerve  J 
followed  by  an  extension  of  the  motor  and  sensory  symptoms  to 
regions   supplied  by  other  nerves.      This  can  only  be  explained  by 
an  ascending  neuritis  reaching  the  junction  of  the  nerree  at  the 
brachial  plexus,  and  there  spreading,  often  in  what  seems  a  random 
manner.    Thus  a  lady  cut  her  wrist  so  as  to  leave  a  scar  an  inch  long^^ 
over  the  position  and  in   the  direction  of  the  median  nerve.     Tlw^l 
injury  caused  paralysis  and  wasting  of  all  the  muadea  in  the  hand 

*  Anoitthetia  or  ths  rof^on  ftipptied  by  the  ulnar  and  external  popliU&l  D«rv«i  is 
a  not  ibfri'qiieDt  ajruipUtm  of  general  paralytii  of  the  ia«&ne  and  tkbei.  In  tbs 
ulnar  it  wm  firtt  deacribed  by  Bternacki,  'Nenrol.  ContralbU'  1894,  In  the  «xtonial 
t«oplit«al  by  8arb6.     See  Sarbd  and  r.  t>Skj,  *  PmL  Med.-Cbir.  PreMe,'  1807. 

f  Poncsi  ('Comptet  Rendua,'  1888)  de«fr{bf>«  a  manaal  paralyaia  in  glaaa-bloirOTi 
(ho<}kcd-hand,  main  en  croc)iet)  which  cloa«ly  ainialat^*  nloar  p*liji  from  which  H 
ia  to  be  dlalmgniahed  by  the  freedom  of  tbe  ihumb  and  th«  abaence  of  annathffua. 

X  Bowlby,  ioT,  cit^  p.  226. 

I  Biadtr  ('Hunch,  med.  Wochentehr.,'  1893)  deaeribes  a  p«mljfis  aftectinr 
mainly  th«  circumflex  and  maacnlo-apiirBl  tt«rvea  of  tba  left  anii«  and  ocenrrinf 
c-pedallf  III  bricklayer*  from  the  prsaaore  of  the  bod  upon  the  abooldir* 


NEBVES  OP   THE    ARM* 


111 


mppli^  by  this  nerre.  This  palsy  was  followod  by  a  graduai  loss  of 
r,  with  diminiflhed  faradic  irritability,  in  the  long  extensor  of  the 
the  ninar  fleior  of  the  wrist,  and  also  by  defect  of  sensation 
•kin  supplied  by  the  ulnar  nerve.  Hence  the  neuritis  must 
to  the  plexus  and  there  bare  spread  along  each  root  of 
Again,  a  woman  cut  her  right  hand  with  a  broken 
bottte»  along  the  hypothenar  eminence.  Three  weeks  aft^i- 
the  muscles  of  the  hand  supplied  bj  the  ulnar  nerve  gradually 
pandysod,  with  wasting  and  loss  of  irritability,  and  in  the 
avn  of  the  skin  supplied  by  the  nerre  there  was  first  tingling  and  then 
dimiiiished  sensibility.  Burning  pain  spread  up  the  front  of  the 
ionBim.  and  inner  side  of  the  upper  arm  to  the  axilla ;  aU  the  fore- 
aim  moaelea  lost  power,  the  flexor  carpi  ulnaris,  and  the  flexor  sublimis 
digiloniia  in  greatest  degree ;  the  tingling  and  lessened  sensibility 
apnad  to  the  fingers  supplied  by  the  median  nerve,  and  the  abductor 
poffieis  wasted.  In  this  case  also  there  must  have  been  an  ascending 
iMorttis  of  the  ulnar,  spreading  to  the  median  at  the  brachial  plexus. 
Tlie  extension  is  sometimes  only  in  the  neighbourhood  of  the  cause.  A 
whitlow  on  the  thumb  was  followed  by  extreme  wasting,  with  reaction 
of  degeneration  in  all  the  thenar  muscles  supplied  by  the  median. 
Bat  a  case  ia  on  record  in.  which  a  nodular  inflammation  commencing 
in  the  ulnar  nerres  apparently  spread  up  to  the  sympatbetic* 

brachial  plexus  is  occasionally  the  seat  of  a  primary  neuritis. 
ii  described  in  a  separate  section  (p.  119),  as  it  is  a  defined  and 
important  disease* 

In  dislocation  of  the  shoulder  the  displaced  head  of  the  humerus  may 

the  nerres.     In  subcoracoid  dislocation  they  are  necessarily 

The  extent  of  injury  Taries  greatly ;  only  one  nerve  may 

r,  or  not  one  may  escape.     ETery  muscle  of  the  arm  may  be  para- 

lyppi,  from  the  deltoid  downwards.      In  most  cases  the  injury  is 

I  degree ;   there  is  rapid  wasting  of  the   muscles,  with   the 

ol  degeneration,  and  there  is  a  great  tendency  to  the  occur- 

oC  lro|illio  changet  in  the  skin.    It  was  in  a  case  of  this  character 

tfca  fbraarm  and  hand  were  oorered  with  blisters  from  the  appli* 

of  water  that  seemed  merely  warm  to  a  h^thy  hand  (p.  79). 

of  the  humerus  may  damage  both  the  musculo-spiral  and 

rarely  the  median.     Fracture  of  the  bones  of  the  forearm 

iajtiTBt  both  the  median  and  ulnar  nerres. 

tajmm  to  the  neck  sometimes  cause  a  partial  paralysis  of  the  arm 

of   peeuliar  distribution,  the  special  characters  and   significance  of 

first  made  known  by  Erb.f    A  similar  pax&ljsis  may 

OS  apart  from  injury.     The  muscles  affected  are  the  deltoid, 

the  cupra-spinatus  and  infra-spinatus,  the  biceps  and  brachial  is 

KUnik.'  1864,  v  ISO. 


t  HcMvtbtfK  Sdcivty.  1874^ '  Zi'ifift*<^ii'«  H«nHhiich/  1674»  Ba.  zil,  pt,  9^  p.  509; 
•••  ab»  BtrslMfdlv  *  S«lUeh.  f.  kl.  Med./  1882,  Bd.  it,  p.  415.  A  prerioot  descrip- 
Hot  hj  Dvctooas  te  1SB6  Ud  etcspsd  Botlcf . 
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aaticus,  and  the  supinators.  Erb  found  that  ttere  is  one  spot  between 
the  scaleni,  cori'esponding  to  the  sixth  cervical  nerve,  at  which  electriuil 
atimnlatioii  pats  all  these  muscles  in  action.  Hoedemaker,  who  has 
described  two  cases  of  this  palsj.  finds  the  motor  point  in  a  line  drawn 
from  the  stt^r no- clavicular  articulation  to  the  seventh  cervical  spine, 
15  centimetres  from  the  edge  of  the  trapezius.  The  palsy  is  appa- 
i*entlj  dependent  on  disease  of  the  roots  of  the  li  1 1  and  sixth  cervical 
nerves,  and  the  fifth,  it  will  l>e  remembered,  receives  a  twig  from  the 
fourth.  •  Budingerf  and  GauppJ  have  recently  shown  that  in  forcil>le 
elevation  of  the  arm  some  backward  rotation  of  the  clavicle  occuis, 


Fm.  S5. 


Fio.  56, 


~i 


Fia.  67. 


fall 


Fio.  S'i.-— C«ii>Hined  palay  of  deltoid,  mpni'splnntiie,  *nd  lafra-apiDftttiii,  from 
on  the  slumlter. 

Figs.  30,  57* — Left  hand  of  n  patient  auffering  fr.vm  ■  jfpoirtb  beiid©  the  lower  cerneal 
»()iiie  enmpFCKsin^  tlio  mTve^roivta.  Th^re  wii«i  Kno^stheHia  of  aU  pHrts  nuppIiiKL 
by  the  bruchtnl  «nd  oervieal  plt-xaa.  The  tiriu  was  addiifted^  th«  elbow  fli  led,  the 
Tjitttid  ill  the  |wsmr«  slioi-vn.  Hexion.  ol  lirat,  extenAion  ol'  secoud*  strong-  flexiom 
of  laat  phHlmis^eH,  the  finsfc  plmlurn  of  the  thumb  oveT'exteiidt'd,  the  second  flexed. 
Rigtdvty  extreEQi},  and  an  atteuipt  to  overcome  it  caused  great  pdn.  There 
waa  alio  some  ooatraotare  of  the  foot  («qnino<viLlgns). 

oompresaing  the  fiitli  and  sixth  cervical  nerves  against  the  first  rib. 
The  fact  that  in  this  case  the  nerve-fibres  are  simply  contused  and  not 
broken  will  no  doubt  account  for  the  frequency  of  recovery  from  tliis 
form  of  paralysis.  Besides  injuries,  this  group  of  palsies  may  result 
from  non-traumatic  processes,  probably  from  nenrifia,  and  also  from 

•  Erb  reftrrfd  tbe  palay  to  di»ea«e  of  the  tiitb  nerve.  The  exjitrimente  of 
Fvrrier  and  Vt^o  ptiint  to  the  fifth  aQil  fourth  niofi  aa  tboie  innervating'  the«e 
mtisclei,  buthia  flut»eqiient  correction  itidicat^a  the  fifth  imd  lixth  (tee  p.  99,  foot* 
note). 

t  <  Arch«  t  klia.  Chir^'  139-i.  X  *  Ccntrulblatt  f.  Cbir^'  1894^ 
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growths  in  this  situation.  Duchenaev  Seeligm  filler,  and  otliers  have 
also  described  paralysis  of  similar  distribution  produced  in  infants 
during  birth,  either  by  pressure  from  the  position  of  the  arui*  or  by 
traction  on  the  neck  with  the  finder  or  hook  during  turning.  Dis- 
location of  the  .shoulder  during  deliTery  may  cause  very  extensive 
damage  to  the  plexus.  Permaiifut  paralysis  of  each  arm  was  the 
result  of  bilateral  dislocation  caused  by  a  midwife  dragging  a  ^Jd 
out  by  the  two  arms.*  Most  obstetrical  cases  slowly  recover*  Those 
due  to  injury  in  adult  life  are  often  severe ;  the  aympioma  continue 
for  a  long  time,  and  may  be  permanent. 

A  paralysis  complementary  to  that  of  Erb,  in  which  the  muscles 
escape  which  suffer  in  that  form,  results  from  disease  of  the  nerve- 
roots  below.f  It  is  often  associated  with  ocular  symptoms,  such  as 
narrowing  of  the  pupil  and  palpebral  fissure. 

Morbid  processes  connected  with  the  bones  of  the  cervical  spine 
sometimes  produce  combined  symptoms  of  irritation  and  palsy  of 
the  nerves  of  the  arm,  pain,  hypersBstbesia,  ameethesia,  paralysis  of 
muscles,  and  extreme  muscular  contractures,  often  very  irrcf^lar  in 
distribution  (such  as  are  shown  in  Figs.  56,57).  I  hare  several  times 
known  sensory  symptoms  in  the  arm  to  be  due  to  a  chrome  syphilitic 
cellulitis  beside  the  vertebrae,  causing  deep-seated  induration  and 
severe  compression  of  the  nerves;  in  each  case  it  was  completely 
removed  by  antisyphilitic  treatment.  Orowths  at  the  part  may  also 
oompress  the  subclavisji  artety,  and  the  weaker  pulse  may  aid  the 
diagnosis.} 

Diagnosis.— 'The  diagnosis  of  diseases  of  the  nerves  of  the  arm  has 
been  for  the  most  part  sufficiently  considered  in  « oiinection  with  the 
special  nerves*  It  consists  chiefly  in  an  application  of  the  facts  there 
stated.  One  or  two  more  general  t'onsiderations  deserve,  however, 
a  brief  mention.  Some  diseases  of  the  spiaal  cord  are  first  manifested 
in  the  arm,  by  muscular  palsy,  wasting,  or  by  amesthesia.  The  risk 
of  error  is  prevented,  in  most  cases,  by  the  absence  of  any  corre- 
spondence between  these  symptoms  and  the  functions  of  special 
nerves,  by  the  absence  of  any  indication  of  morbid  processes  in  the 
neighbourhood  of  the  nerves,  and  by  the  presence  of  other  signs  of 
disease  of  the  spinal  cord.  It  has  been  mentioned  that  disease  in  the 
lowest  part  of  the  cervical  enlargement  may  be  manifested  only  in  the 
region  of  the  ulnar  nerve,  the  lowest  in  origin  of  all  the  brachial 
nerves.  Such  disease  is,  however,  usually  bilateral,  and  secondary  to 
disease  in  the  dorsal  region  of  the  (K>rd,  the  indications  of  which  have 

*  D*ncbes,  *  Ann.  de  Gyn./  &c  Oct,  1891-  Doable  paUy  Id  idalts  ii  occasiotially 
seen,  ■•  in  a  rate  recorded  by  Bernliardt,  in  which  the  nrniA  were  pulled  ou  for  au 
boar  to  ste^y  the  pntietit  during  the  opemtion  of  ottpUorectomy. 

t  It  haa  been  tenne*!  "  Klumpke'i  paralysis,"  becaiiae  inveatigated  ia  VulpUn's 
Ubunttory  by  Mdlle.  ElntDpke  in  1885  (tee  *Zeit«ch.  f.  Nerveiih.,'  1691}  t  it  bsd« 
^wever,  beeu  described  long  preTiouily,  notably  In  1827  by  Fkubert, 

X  Bowlby,  loc  cit. 
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prece^ied  the  aymptoms  in  the  arm.     A  l;iiowledge  af  these  facts,  on 
a  careful  coniidei-atioii  of  the  distribution  and  oourse  of  the  symptoma, 
will  rarely  leave  the  observer  in  doubt. 

TEEATMBNT,^There  i»  little  in  the  treatment  of  the  diseases  of  the 
nerves  of  the  arm  that  requires  special  meution*  The  chief  measure 
is  the  treatment  of  the  cause  of  the  paralysis  An?  present  source  of 
pressure  most  be  removed  as  far  as  possible.  Tho  ends  of  a  divided 
nerve  muet  be  sutured.  It  is  remarkable  how  quickly  this  has  some- 
times been  followed  by  the  restoration  of  conducting  power.  The 
posture  of  the  arm  must*  in  all  <  ases,  be  such  as  to  avoid  tension  on 
an  injured  or  inflamed  nerve.  The  treatment  of  neuritis  is  described 
in  the  next  section.  Electrit-al  stimulation  of  the  muscles  is  of  great 
importance  in  all  cases  of  severe  damage  to  the  nerres-  Even  in 
old  and  stationary  cases  it  sometimes  stai-ts  some  improvement. 

Nekves  of  the  Lowes  Limb. 

Disease  of  these  nerves  is  far  less  common  in  the  lower  than  in  the 
upper  limb,  with  one  important  exception,— the  primary  disease  of  the 
sciatic  nerve  that  goes  by  the  name  of  '*  sciatica."  This  affection  is 
reserved  for  separate  desi^ription. 

The  nerves  of  the  leg  are  derived  from  the  lumbar  and  sacral 
plexuses.  The  lumbar  plexus,  cnnsistinii:  of  the  first  three  and  a  half 
lumbar  roots,  8upi>lies  the  skin  of  the  lower  part  of  the  abdomen,  of 
the  front  and  sides  of  the  thigh,  of  the  inner  side  of  the  lower  leg 
and  foot.  It  supplies  also  many  muscles — the  ci'emaater*  those  that 
flex  and  adduct  the  hip-joint^  and  those  that  extend  the  knee.  Its 
branches  for  the  leg  are  the  obturator  and  anterior  crural  nerves. 
The  gaeraJ,  fdextts  consists  of  the  fifth  himliar  root  and  half  the  fourth 
(Inmbo-sacral  cord)  and  the  first  four  sacral  nerves,  of  which,  however, 
only  the  upper  three  have  to  do  with  the  leg.  This  plexus  innervatea 
the  extensors  and  rotators  of  the  hip,  the  flexors  of  the  k-nee,  and  all 
the  muscles  that  move  the  foot,  together  with  the  skin  of  the  gluteal 
I'egion,  the  back  of  the  thigh,  the  outer  side  and  back  of  the  lower  leg, 
and  most  of  the  foot.  Its  chief  nerves  are  bi-anches  to  the  outward 
ratdtors  of  the  iup^  the  gluteal  nerve,  and  the  small  and  great  sciatic. 

Tlie  reaulti  obtained  by  Ferrier  and  Yeo  {nee  p.  9y)  on  stimulating  the  root* 
of  the  lumbar  and  saoral  plexuis^B  in  the  monkey  luay  be  iUnn  aummari&ed: 
Latnbar  I  and  II.  Lower  abdominal  munclea  (not  cremaater). 

III.  PsouLit  and  iliacue,  sartorioB,  exteneom  of  knee;  {flexion  of  hip  and 

extension  oE  leg). 
lY.  Glutei,  adductorB,  eztenior  cruris,  peroneus  longua ;  (extension  ol 

hip  and  knee,  elevation  of  outer  side  of  foot). 
V,  Glutei,  hamstrings,  and  all  the  muBclett  in  frnnt  and  back   of 
lower  leg ;  (rotation  of  thigh  outward!*,  flexion  and  rotation  inwards 
of  leg ;  extension  of  foot  with  elevation  of  outer  edge  ;  flixion  of 
dlntal  phalanges  of  toes). 


NUBTKS  OF  TUB   LEG. 


lib 


S»cml  L  Hainatringi,  call  muicles,  long  flexf>r  of  to««,  intriniio  mnsclea  of 
foot;  (alight  outward  rotation  of  thigh,  flexion  of  kne€»  ei  tens  Ion 
of  foot,  adduction  of  great  toe,  flexion  of  first  phalangea  of  all  toet 
and  of  both  phalanges  of  great  ti>e). 
II.  Intriosic!  mitsclefl  of  footj  ('*  intoro88e&l  **  ieiion  of  toea,  iimiUr  to 
the  last). 
Thete  re«ilU  cannot  be  Bimply  applied  to  man.     For  instance,  it  in  certain 
that  in  maQ^one  flexor  of  the  hip.  the  pnoan,  and  the  cremaster,  are  largely 
innervated  from  the  second  lumbar,  but  no  indication  of  the  action  of  either  of 
theee  could  be  observed  on  Btimniating  thia  root  in  the  monkej'. 

The  distribution  of  the  eenaorj  Bbrea  of  the  nerfe-roota  i»  considered  in  the 
ehapteroQ  the  Spinal  Cord. 


The  Lumhar  plexus  itself  is  Bometimea  damaged  by  growtha  in  the 
abdomen  (especially  by  those  that  apring  from  the  lumbax  glands)  and 
by  psoas  abscess,  while  the  nerre-roota  may  suffer  in  disease  of  the 
bones  of  the  vertebrae  and  in  meningitis.  The  plexus  may  also  be  in- 
vaded by  inflammation  ascending  the  lumbo-eacral  cord  from  the  sacral 
plexus,  and  it  is  occasionally  the  seat  of  spontaneous  neuritis.  The 
obturator  nerve  is  rarely  affected  alone ;  it  has  been  sometimes  damaged 
in  the  course  of  parturition.  The  anftirwr  crnral  nerve  has  suffered 
from  the  same  cause,  and  is  sometimes  injured  by  wounda  of  the  groin 
or  thigh,  or  by  dislocation  of  the  hip-joint.  Symptoms  may  be  limited 
to  it  in  disease  of  the  nerve-roots,  and  as  in  injury  or  growths  of  the 
Tertebrse.  its  paralysis  occasionally  follows  acute  or  subacute  inflam* 
matioB  of  the  knee-joint. 

Of  the  interference  with  movement  that  may  result,  the  paralysis  of 
the  flexors  of  the  hip  depends  on  the  position  of  the  disease.  This 
paralyeifl  is  total  only  when  the  lumbar  plexus  is  damaged.  Disease  of 
the  anterior  crural  nerve,  witliin  the  abdomen,  does  not  affect  the  psoas, 
but  may  paralyse  the  iliacus,  and  so  weaken,  without  abolishing,  the 
power  of  flexion.  The  chief  symptom  of  disease  of  this  nerve  is  the 
loss  of  power  in  the  extensors  of  the  knee,  and  the  wasting  of  these 
muscles,  together  with  loss  of  the  knee-jerk  which  resulti  from  the 
interruption  of  the  reflex  ai'c.  The  effect  of  these  palsies  on  movement 
is  very  serious  (see  pp.  46,  47),  Anaesthesia  inrolves  the  whole  of  the 
thigh  (except  a  strip  along  the  middle  of  the  back),  the  inner  side  of 
the  leg  and  foot,  and  the  adjacent  side  of  the  first  and  second  toes.  In 
many  cases  the  paralysis  is  incomplete,  and  the  symptoms  present 
corresponding  variation.  Irritation  of  the  nerve  may  cause  severe 
pain  in  the  region  supplied  by  it.  This  is  sometimes  an  early  symptom 
of  a  growth  near  the  spine.  The  pain  in  neuritis  of  the  plexus  may 
extend  along  the  course  of  the  ilio-hypogastrie,  ilio-inguinal,  and  genito- 
crural  nerres,  to  the  lower  part  of  the  abdomen  and  groin. 

Impairment  of  sensation  in  an  area  on  the  front  of  the  lower  half  of 
the  thigh  is  occasionally  met  with  aa  an  isolated  sjmptom,  usually  in 
nil  *n  in  the  second  half  of  life.  It  comes  on  without  paio,  and  may  pass 
away  after  months,  or  may  persist  for  years.     The  losa  is  greatest  in  the 
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middle  of  the  region,  but  the  trangition  to  normal  sensibility  ii  w»n 
defined  ;  its  origin  and  natui^  are  mjsterious,  except  that  the  subjecti 
of  it  are  usually  gouty.    It  seems  to  have  little  sigiiificanoe. 

Paralysis  of  the  oUurafor  nerve  causes  a  loss  of  the  power  of  adduo- 
tion  of  the  thigh,  so  that  the  patient  cannot  put  one  leg  across  the 
other.  Botation  of  the  thigh  outwards  is  interfered  with,  but  in 
slighter  degree  than  adduction.  The  effect  of  these  palsies  (described 
on  p.  47)  is  for  less  serious  than  is  the  disability  which  results  from 
disease  of  the  anterior  crural.  There  is  disturbance  of  sensation  along 
the  inner  side  of  the  thigh  and  knee ;  an  obturator  hernia  may  press 
upon  the  nerve,  giving  rise  to  paresis  of  the  muscles  which  it  supplies. 
and  burning  pains  in  the  region  of  its  sensory  distribution. 

The  superior  gluteal  nerve  occupies  an  intermediate  position  between 
the  two  plexuses,  arising  as  it  doe«  from  the  lumbo-sacial  cord,  which 
descends  from  the  fourth  and  fifth  lumbar  roots.  Its  diseaae.  which 
L8  very  rare  in  isolated  form,  causes  piu-alysis  of  the  gluteus  mediui 
and  minimus,  with  a  loss  of  abduction  and  circumduction  of  the  thigh 
(see  pp.  45,  46). 

The  Sacral  ple^nia  is  sometimes  damaged  by  growths  in  the  pelvis, 
by  pelvic  inflammation  of  various  kinds,  and  by  compression  during 
parturition.  In  the  child  it  nmy  be  damaged  by  traction  on  tha 
legs.  It  is  also  often  the  seat  of  neuritis,  which,  however,  less 
frequently  begins  in  the  plexus  than  ascends  to  it  from  the  sciatic 
nerve.  Apart  from  spontaneous  neuritis,  which  will  be  separate]? 
described,  the  sciatic  nerve  outside  the  pelvis  is  occasionaDy  injured  bv 
wounds,  rarely  by  dislocations  of  the  hip,  often  by  diseas*?  of  the  bone, 
and  bv  adjacent  morbid  growths.  It  is  also  a  relatively  frequent 
seat  of  neuroma.  Of  the  terminal  branches,  the  external  popliteal,  by 
its  superficial  course,  and  proximity  to  the  hard  bone,  suffers  from 
traumatic  lesions  of  various  kinds ;  it  is  also  prone  to  spontaneous 
neuritis.  This  nerve  is  homologous  with  the  musculo- spiral  nerve  of 
the  arm,  and  presents  an  analogous  liabihty  to  disease ;  it  occasionally 
suffers  in  persons  whose  occupations  entail  much  kneeling.  The  pos- 
terior tibial  nerve  is  more  secure  in  its  deeper  course,  but  may  be 
damaged  by  fracture  of  the  bones. 

The  symptoms  of  palsy  of  the  §eiaiie  nerve  vary  much  in  their 
character,  according  to  the  position  of  the  disease.  The  emaU  wciatie 
is  implicated  only  when  the  mischief  involves  the  pelvic  plexus,  and  it 
scarcely  ever  suffers  alone.  The  effect  is  palsy  of  tlie  gluteus  maxim tis, 
which  interfej-es  with  rising  from  a  seat  more  than  with  walking 
(see  p.  45).  There  is  also  anaesthesia  of  the  skin  in  the  middle  third 
af  the  back  of  the  thigh,  and  in  the  upper  half  of  the  calf.  A  lesion 
of  the  sciatic  nerve,  near  the  sciatic  notch,  paralyses  the  flexors  of  the 
leg  (which  are  al^  extensors  of  the  hip ;  seep.  47),  and  all  the  moscles 
below  the  knees.  Often  the  lesion  is  below  the  upper  third  of  the 
thigh,  and  then  the  flexors  of  the  leg  escape.  Even  when  all  the 
muscles  below  the  knee  are  paralysed,  walking  is  still  possible,  the  foot 


KEBVRS  OF  THl  LEO. 


117 


luised  hj  orer-flexion  of  the  hip.     Th«  stELsestheBia  thai  results 
a  letiozi  of  the  nerre  below  the  origin  of  the  BmaH  sciatic,  involyeE 
€tm  otiter  half  of  the  leg,  the  g^^eater  part  of  the  dorsum  of  the  foot* 
iD  the  sole,  but  the  leg  m&j  escape,  perhaps  through  muon  with 
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Tim  ifiziptaait  of  diaeaae  of  the  bratiches  are  as  f oUowb  : 
Hukt  of  the  external  popliteal  or  peroneal  nei-ve  cauBeA  paralysis  of 
tlia  tihialb  anticufl,  long  extensor  of  the  toes,  peronei.  and  extensor 
brvfii  digitomin.  The  effect  of  this  is  a  loss  of  all  power  of  flexing 
the  mkle  and  of  extending  the  first  phalanx  of  the  toes  (see  p.  50). 
The  foot  cannot  be  raised  from  the  ground  in  walking,  and  talipes 
eqidous  ultimatelj  results  (Pig.  30,  p.  51),  which  may  lie  attended  with 
perwteat  flexion  of  the  first  phalanges  of  the  toee  from  contracture  of 
the  mopposed  interossei.  There  is  also  ansBsthesia  on  the  outer  half 
of  tbe  front  of  the  leg,  and  on  the  dorsum  of  the  foot.* 

DifMee  of  the  tntertiol  popliteal  tu^rve  paralyses  the  popliteus,  calf 
tibialis  poettcuB,  and  long  flexors  of  the  toes,  aa  well  as  the 
d  the  eole.  In  addition  to  the  disability  which  characterises 
fanljaiaof  the  plantar  muscles,  there  ia  loss  of  the  inward  rotation  uf 
ikm  flexed  leg  if  the  disease  is  bo  high  aa  to  involve  the  branch  to  the 
popfiteoB,  and  there  is  also  loss  of  the  power  of  extending  the  ankle- 
joint.  Talipes  calcaneus  results  (Pig.  28,  p.  50).  The  sensory  loss 
b  OB  the  outer  lower  part  of  the  back  of  the  leg,  and  on  the  sole,  but 
much. 
ITie  f4amiar  »erveff  rardy  suffer  alone.  A  lesion  of  the  iniernal  nerve 
a&sethesia  on  the  inner  part  of  the  sole,  and  plantar  surface  of 
the  tkree  inner  toes  and  half  the  fourth,  together  with  paralysis  of  the 
•bort  flexor  of  the  toes,  the  plantar  mu^^icles  of  the  great  toe  (except 
^  adductor),  and  of  the  two  inner  lumbricales. 

Diacaee  of  the  external  rmrm  produces  ans&stheaia  of  the  skin  on  the 
oater  half  of  the  sole,  the  Uttle  toe  and  half  the  fourth,  paralysis  of 
tbe  flexor  aooeaaorius,  the  muscles  of  the  little  toe,  all  the  Lnteiosaei* 
iha  fewo  outer  lumbricales,  and  the  adductor  of  the  great  toe.  The 
of  this  palsy  (see  p.  52)  is  serious,  since  the  toes  cannot  take 
proper  sharo  in  propelling  the  body  forward  in  walking,  and  they 
InaBy  become  flexed  at  the  last  two  joints  and  extended  at  the 
oUmtb,  from  the  contracture  of  the  opponents  of  the  interossei, — a 
powtiom  of  the  toes  that  cauaes  aerioua  inconvenience  in  walking. 
Biaavoflia.^ — The  diagnosis  of  diaeaaea  of  the  nervea  of  the  leg  ii 
by  the  same  general  pHndplea  aa  those  that  have  been 
at  applicable  to  the  nerves  in  general,  and  to  the  nervee 
of  tli9  ana  in  particular.  The  limitation  of  the  symptoms  to  the 
of  in«iividual  nerve-trunks,  the  evidence  afforded  by 
initability,  and  reflex  action  that  the  muscles  are  separated 

in  (bs  district  tupplicd  bj  thi*  nerve  majr  bo  t  ijinptoai  of  v&riaui 
I  It  wM  ttrit  de*eribed  la  UiU  conaootiou  b^  S*rb6  (••• 
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Bot  drSar  from  timt  of  diBease  of  the  nerriefl  of  the  arm.  More 
perhaps,  is  needed  to  ayoid  increasing  preaent  miicluef.  or 
isTitmg  a  i'eU4}se,  by  expostue  to  cold  or  hj  fatiguing  exertion.  More 
mx9  is  also  needed  to  obriate  the  tendency  to  secondary  contractures  in 
thm  CAM  of  pftlfliM  of  long  duration,  and  in  those  attended  by  pain  in 
wIm^  tbe  patieiit  teeks  ea«e  in  postures  to  which  the  muscles  only  too 
readilj  adapt  themtelTOB.  The  contraction  of  the  hams  tri  ngs ,  from  con  * 
•taut  flexion  of  the  kne^.  occurs  yery  readily  and  is  most  troublesome  ; 
thmt  of  Ihe  calf  muscles,  which  occurs  when  the  flexors  of  the  ankle  un' 
pandysed,  also  constitutes  a  serious  obstacle  to  walking  after  reooTery. 
UlUe  timely  care,  by  attention  to  posture,  will  often  sare  a  Tast 
it  of  later  trouble.  That  of  the  calf  muscles,  howev-er,  whioh 
to  the  exteiision  produced  by  the  weight  of  the  foot  as  the 
lies,  cannot  always  be  entirely  presented,  but  may  be  lessened 
a  board  or  large  sand-bag  against  which  the  feet  can  rest. 
kn.  outline  is  giren  elsewhere  of  the  forms  of  local  inflammation  of 
res,  with  special  reference  to  the  morbid  process,  on  account 
of  its  important  practical  rsl&tions.     (See  Crural  Neuritis,  p.  133.) 
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BRACHIAL  NEURITIS. 

the  forms  of  fnflammation  of  the  nerves  of  the  arm  already 
a  primaxy  inflammation  of  the  brachial  plexus  occurs  in  a 
form  as  wisQ  defined  as  sciatica,  and  equally  meriting  a  separate 
deacripiion.  This,  howerer,  need  only  include  its  special  features; 
iboss  tliat  are  common  to  other  forms  of  neuritis  have  been  already 
daambofl  It  is  closely  analogous  to  sciatica*  and  is  usually  a  peri- 
—a  primary  inflammation  of  the  sheaths  of  the  branches  that 
and  form  the  brachial  plexus. 
Casas  occur,  howoTer,  in  which  the  symptoms  correspond  in  general 
to  tbe  rest,  but  in  which  their  distribution  suggests  that  the 
>iiMila  latlier  than  the  plexus  are  the  seat  of  the  inflammation. 
aboat  tJie  spine  supports  the  opinion.  This  form  may  bo 
Badieiiiar  NeuriiU,  Although  its  existence  has  not  been 
aatabliihod  by  pathological  eridenoe,  the  symptoms  mentioned  admi  t. 
^  DO  oUier  esplaaation.  A  knowledge  of  their  significance  is  of  great 
pgaf4vn?  importance  on  account  of  Uxe  closeness  with  which  they  may 
•imiilato  those  of  organic  disease  of  the  bones  of  the  spine«  or  a  growth 
in  tlia  spinal  mambranas. 

Oavast.*-"Tbe  influence  of  gout  in  causing  local  neuritis  is  Tcrv 
in  tha  brachial  form,  with  the  special  characteristic  that 
ehiafly  lata  in  life,  rerr  often  from  tho  inherited  disease, 
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that  the  disease  is  wii  - 
cases,  we  cannot  revew 
cord  does  not  always - 
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by  a  single  nerve,  and 
pheral  origin  of  suA 
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of  sensory  symptoms,  ti. 
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cornual  disease,— these  k 
It  is  important  to  rt 
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^y-j^ff  form  of  neuritis ; 
^  ^^  r-^r  than,  that  of  men. 
*  *  ^  -5  may  be  met  with  up 
\L  Tffi^  been  the  ordinary 
_^^  xndency  is  often  only 
**\r  iP«*iou8  muscular  rheuma- 
"^  -    "ihave  seldom  been  abront 
^^  xachial  neuritis  occurred 
1^    Veuritis  of  the  brachial 
■^  pressure  of  new  growths. 
ji  the  clavicle. 

j|  the  inflammation  of  all 

^ii  than  in  most  forms  of 

l^vin.  wd  lasts  long  after  the 

'^^iooied  with  the  age  of  most 

aTTpeculiarly  trying  charaoto. 

*  i,»noe  from  the  seat  of  the 

*  wins  at  the  plexus,  where,  at 
"Vyid  the  conducting  fibres  are 

'  ^Sequent  seats  for  the  first  pain 
i^  beneath  the  bone)  and  the 
^  ^  without  the  hand.  In  other 
"  m  ptous  itself,  above  the  clavide 
^^■^in  which  it  is  commonly  most 
"^^  ^  V^  increases  it  extends  along 
-  *  ^tosK  the  patient  will  of  ten  accu- 
'^'*'*       *-,g  the  lines  of  pain. 

,  and  severe  from  the  begin- 
„^^.  or  felt  on  certain  movements, 
""vL^ntinuous,  with  variations  that 
■'*'^  ihere  is  alv^ys  more  or  less  dull 
eipecially  in  the  region  of  thca 

"^^-Liiiri*!     ^  ^^^^^  *^®  P*^^  ^^  acut^ 
^*^  .  it  usually  takes  the  cours  ^ 
'and  often  passmg  to  the  sid^ 
^-,o»  to  the  head.    The  pain  ofte^ 
"J^lensity;   at  the  height  of  tL_. 
Turing,  or  such  darting  pains  m^ 
j^I^ing  pain,  which  lasts  lon{^ 
■wro*»  as  the  paroxysm  aubsl^ii. 
Hirliole  limb.    The  paroxysms 
j^aeously.    In  slighter  casea 
u|  lelfttioii  to  movement*  \s  «•      * 
lUom  confined  to  moveflOfttiV.^ 
klie  patient  avoids  tAaLC  sW^: 
^  especially  causes  ^^Vs^^^*^ 
jpdue  sensitiveness     «^:^l  VVeaa* 
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vhicb  ittaj  be  mnch  increoa^  during  and  after  the  paroxysms.  Loss 
of  •CPttiion  is  r&rep  and  is  met  with  only  in  ca^es  that  are  not  only 
•«f«re  Imt  pfolonged.  The  two  may  concur,  as  *'  anieflthesia  dolorosa.** 
The  mUBclet  usually  present  the  flabbiness  and  slight  wasting 
ia  avaritis.  but  the  damage  to  the  motor  fibres  is  Beldoin 
to  Cftose  considerable  atrophy.  Sometimes,  however,  there 
ts  eooogli  damage  to  cause  wasting  of  some  group  of  muBclos,  with 
the  reaction  of  defeneration.  This  is  most  fre^juent  in  tl»e  radicular 
form,  in  which  the  damage  is  to  the  upper  part  of  the  plexus  and 
Bram^roois,  There  may  then  be  anflesthesia  of  the  skin  oyer  the 
alleeted  muscles.  It  is  difficult  to  ascertain  the  existence  or  the 
mmoont  of  motor  weakness;  effort  induces  pain  so  readily  that  the 
patient  can  seldom  be  induced  to  make  an  attempt  to  exert  force. 
Power  is  often  said  to  be  almost  lost,  when  it  is  probably  greater  than 
ui  beUered.  Besides  the  muscles,  the  subcutaneous  tissue  of  the  limb 
wmj  alio  waste,  and  the  slin  may  become  thin  and  shining,  and 
the  aspect  already  described.  Subcutaneous  cedema  is  also 
.  and  in  one  case  erythema  nodosinu  was  found.^  Arthritic 
in  the  joints  of  the  fingers  are  almost  constant  in  ihe  cases 
thmt  occur  in  Uter  life ;  the  adhesions  may  be  permanent. 

I>ca<iMOSis. — Few  maladies,  as  a  fact  of  experience,  gire  rise  to 
gfaater  dhtgnostic  difficulty.  This  is  due  t<>  several  causes :  the 
m  is  rare ;  its  symptoms  are  sometimes  et:iuiyocal ;  the  subjects 
iUy  in  the  degenerative  period  of  life,  when  many  obscure 
dttBSiiji  attended  with  pain  m  the  arm  occur  to  the  mind  of  the 
pl^jadan;  and  hwtly,  the  distinction  between  neuralgia  and  neuritis 
la  oUn  difficulty  although  less  so  than  is  supposed.  The  last  is,  indeed, 
Uie  moi*  frequent  souroe  of  error.  The  most  seTere  and  characteristic 
of  brachial  neuritis  are  frei^uently  mistaken  for  pure  neuralgia, 
aocoont  of  the  parox3rsmal  character  of  the  more  severe  pain,  and 
the  eharaeters  of  neuritis  are  unfamiliar.  The  points  to  deter- 
diagnosis  are  those  described  in  the  sections  on  neuritis  and 
; — the  degree  of  persistent  tenderness  of  the  nerves  and  the 
of  movement,  together  with  the  history  of  the  attLck*  the 
of  tlie  pains,  and  especially  any  evidence  of  damage  to  the 
A  history  of  neuralgia  in  the  person  or  the  family  is  of  slight 
only ;  the  tendencies  to  true  neuralgia  and  to  neuritiB  are  often 
and  each  is  a  frequent  result  of  gout.  A  far  greater  diffi. 
is  presented  by  the  ca^^^^*  in  which  the  inflammation  remains 
and  i»  oonfined  to  the  ploxus,  afrecting  branches  where  the  con- 
ifaris  ean  be  so  irritated  as  to  ctiuse  distant  pain,  which  then 
llie  leading  symptom.  This  is  often  paroxysmnl,  and,  when 
left  side,  may  radiate  to  the  chest  and  be  astiociat*  d  with  dis- 
action  of  the  heart  Angina  pectoris  is  often  thought  of  in 
aset;  and  hero  again  the  degenerative  age  may  increase  the 
by  laading  to  the  presence  of  some  coincident  disease  of  th* 
•  r.  Ktmnkl  I!«^  liwart,  •  Wfrn,  kliiu  Wocheft»«hnit,'  1S97,  No.  1. 
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tlie  alteratioiis  in  the  joints.  These  are  Terv  frequent ; 
fixation  <K^casioned  bj  the  pain  permits,  and  tlie  tendency  to 
perverted  aatrition  produoes.  adhesion  between  the  articular  surfaces. 
ta  eoaaequeaioe  of  which  the  movement  becomes  permanently  re* 
itraliied.  It  is  probable,  moreorer,  that  the  constitutional  state  which 
imdcrli^s  the  primary  malady  often  inrreases  the  degree  of  the^^ 
jcrint'alterAtions,  The  shoulder,  wriut,  and  fingers  are  the  joints  that 
frequent t^  thna  rendered  stiff.  The  interference  with  the 
of  the  fingers  is  especially  troublesonne ;  the  joints  become 
^miaivl  in  eooMqiieiioe  of  the  unaYoidable  strain  on  the  tissues  whcD 
an  ftttempi  ftt  tiM  is  made. 

TftXiiTirBirT. — The  treatment  that  has  been  described,  as  needed  in 
tia  genemlly*  is  suitable  also  for  this  form,  and  its  details  need 
Ikere  be  repeated.  Abstinence  from  movement  is  of  great  import- 
;  the  occurrence  of  stiffness  of  the  joints  in  conaoquence  of  the 
immobility  of  the  limb  must  be  risked.  It  is  doubtful,  indeed^  whether 
tfctt  tendency  to  this  is  much  increased  thereby,  for  the  effect  of  pain. 
m  prawviiing  sufficient  movement  to  maintain  the  normal  state  of  the 
jomts,  ii  not  materially  increased  by  rest  otherwise  enforced ;  while 
tht  difference  between  a  little  movement  and  none^  during  the  acute 
of  tbc  affection,  is  enough  to  make  a  considerable  difference  in 
on  the  inflammation  of  the  nerves.  The  influence  of  cocaine, 
under  the  skin,  is  very  beneficial,  but  it  is  needed  frequently 
ees,  and  two  injections  (each  -^ — |-  gr.)  may  be  given 
dftdy  during  the  height  of  the  diseaae.   It  is  important  that  the  nerves 


not  be  irritated  by  maseage  in  the  state  of  active  inflammation  ; 
ta8ee3,  no  tht^rapeutic  meaaum  which  occasions  prJn  can  do  as  much 
gnod  as  harm.  After  the  tenderness  has  subsided,  gentle  rubbing, 
•■ell  as  is  agreeable,  may  be  employed  with  advantage.  Electricity  is 
Ottltf  needed  for  muscles  that  present  the  reaction  of  degeneration,  or 
to  aid  in  rMBOving  after-pains.  In  one  severe  case,  associated  with 
raoltiple  neoromata  of  the  skin,  relief  resulted  from  excision  of  the 
oofer  and  inner  cords  of  the  plexus.  The  excised  portions  showed 
infasmtiiiai  neuritis.* 


SCIATICA. 


noft  freqtumt  of  all  forms  of  inflammition  of  a  single  nervr. 
unilaieral,  and  primarily  of  the  connective- tissue  elements,  and 
esfiecially  of  the  she:ith,  is  that  of  the  sciatic.  The  fact*  coupl*  d 
vtth  Ihe  prominent  chiiract4  r  of  the  painful  and  disabling  fiymptomB» 
have  raieed  **  aciatica  *'  into  a  oonspicuous  position  amung  diseases  of 

*  thunj  Mul  J^UHuK,  *  Amcr«  Joiirn.  of  M«4.  Sci./  1874  j  •  tiinikr  cute  of  ««pii« 
•rigiii  n«ianl#ii  bjr  littttU  und  SOf^uin  ««•  not  ooi^  by  esciiion  of  th«  pk'Xiu. 
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the  nervea,  and  indeed  among  diseases  geaeraJlj.  ThiB  renders  d€«iiabld 
a  specially  full  description  of  the  malady,  fuller  than  strictly  ooire- 
Bponds  with  its  subordiimte  position  aa  a  Tarietj  of  neuritis* 

As  the  word  "  sciatica  "  ia  commonly  used,  it  is  a  general  designation 
for  all  affections  of  which  the  chief  symptom  is  pain  in  the  region  of 
the  sciatic  nerve.  In  a  Btrict<?r  use  of  the  word,  however,  it  is 
applied  to  painful  affections  of  the  nerve  not  due  to  any  morbid  pro- 
cess outside  it ;  thus  Umited,  it  practically  corresponds  to  infiamma- 
tion  of  the  nerve.  Two  varieties  may  be  distinguished,  however, 
according  as  the  process  in  the  nerve  ia  excited  by  primary  disease  in 
its  vicinity,  "  secondary  '*  sciatica ;  and  "  primary  "  sciatica,  when  the 
pain  is  the  expression  of  disease  beginning  in  and  related  to  the  nerve 
itself.  Primary  sciatica  is  sometimes  regarded  as  a  neuralgia.  This 
view  is  in  the  main  erroneous ;  the  vast  majority  of  cases  of  sciatica 
are  really  cases  of  tame  neuritis. 

Causes.^ — Sciatica  is  far  more  frequent  in  males  than  in  females ; 
the  proportion  has  been  very  variously  estimated.  The  best  evidence  of 
the  incidence  of  the  disease  is  that  presented  by  the  patients  treated  at 
the  Devonshire  Hospital,  Buxton,  of  which  an  analysis  of  1000  cases 
has  been  made  by  Dr.  E.  T* Gibson.*  The  percentage  of  males  is  884, 
of  females  ll*6,t  giving  a  ratio  of  5  to  1,  which  is  probably  very  near 
the  truth.  The  disease  is  unknown  in  chOdhood,  and  rare  in  the  second 
decade  of  life.  It  does  not,  indeed,  occur  under  fifteen  j  in  more  than 
half  the  cases  it  begins  between  thirty  and  fifty,  and  between  fifty  and 
seventy  in  a  quarter.  Having  regard  to  the  smaDer  number  of  perrsons 
living,  the  frequency  of  its  occurrence  must  be  regarded  as  at  leaut  as 
great  in  late  as  in  middle  llfcj 

No  special  influence  of  sex  is  distinguishable  in  the  decade  forty  to 
fifty :  the  proportion  of  males  to  f< 'males  is  that  of  the  whole  series. 
Uuder  forty  a  snialltT,  and  over  fifty  a  larger  proportion  of  females 
suffer.  Exposure  to  the  exciting  causes  is  probably  more  common 
in  males  during  middle  life,  when  also  the  malady  is  promoted  by 
the  various  accelerating  influences  which  aid  the  active  development 
of  its  chief  constitutional  cause— gout.  But  it  must  not  be  forgotten 
how  comparatively  small  is  the  actual  number  of  cases  in  women. 

Underlying  most  cases  of  sciatica  is  either  the  state  of  definite  gout, 
or  that  rheumatic  diathesis  in  which  the  fibrous  tissues  suffer,  especially 
those  that  are  connected  with  the  muscles,  a  form  closely  connected  with 
common  gout  by  co-existence  or  descent.  It  occurs  frequently  in  those 
who  are  themselves  gouty,  who  present  the  personal  characteristics  of  the 
disease,  and  have  fostered  it  by  mode  of  life.    It  occurs  also  in  those  of 

•  Br.  K.  Viilentme  Gibson,  *  Laiicefc,*  1893,  vol,  i,  p,  8fiO. 

t  884  feiuftlea,  llfi  malrj.  Ii«  the  1000. 

X  The  percentage  <liatribiition  of  the  lOOO  ca^es  at  Baiton  ia  m  follow*  t^Tha 
Age  is  Uken  at  which  the  flrxt  Mtack  commenced.  DetwecQ  15  nnd  SO,  14  cakoi; 
21  to  80,  159  ciwes;  31  to  40»  310  CJisei ;  41  to  60,  248  cages  (*»ne  quarter  of  the 
whole);  51  to  GO,  187  oaseiij  fil  to  70,  71  casen  ;  71  to  80,  11  cnsea. 
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gouty  inlientaiice,  but  wlia  themselves  have  been  abetemioua^  and 
sometimes  present  a  weakly  constitution — ^thin,  pallid,  neurotic.  The 
latter  have  often  suffered  from  acute  articular  rheumatiam  in  earlier 
life.  It  ifl  among  them  tliat  the  most  severe  cases  are  met  with,  in 
which  the  inflammation  spreads  to  other  nerres,  or  involves  the  sheath 
of  the  sciatic  with  other  structures,  and  that  it  develops  early  in 
life,  during,  for  instance,  the  second  fifteen  years.  This  constitutional 
state,  with  aU  its  effects,  is  sometimes  met  with  when  there  is  only 
trifiing  evidence  of  inheritance.  Some  unknown  influence  seems  to 
determine  its  development  in  intense  degree  as  a  congenital  tendency, 
manifested  by  rheumatic  troubles,  various  and  severe,  early  in  adult 
life — the  sporadic  occurrence  of  that  which  is  tisually  inliorited. 
There  is  no  evidence  of  a  direct  causal  relation  to  other  consti- 
tutional diseases.  Syphilis  has  been  supposed  in  some  cases  to  give 
rise  to  it.  but  the  cases  are  rare,  and  the  common  cause  can  seldom 
be  eicluded- 

An  exciting  cause  is  to  be  traced  in  many  of  the  cases.  Exposure 
to  cold  is  the  most  frequent.  It  is  usually  local  exposure^  as  by  wet 
boots,  standing  in  water,  &c. ;  sometimes,  however,  a  general  chill  of 
the  body  determines  an  attack.  The  exposure  to  cold  may  be  even 
more  direct,  as  by  sitting  on  wet  grass.  Draughty  wat^r-closet  seats 
ftre  anawerable  for  some  casets.  The  neuritis  often  arises  by  the  exten- 
sion of  an  adjjiuent  rheumatic  affection  of  the  fibrous  tissue,  especially 
of  that  form  of  *'  lumbago  "  which  involves  the  fibrous  attachments  of 
the  muscles  at  the  back  of  the  sacrum,  less  commonly  in  its  ordinary 
l\2inbar  seat.  This  affection  passes  down  from  the  sacnim,  ext^^nding 
along  the  fasciae,  to  the  nerve-sheath  in  the  neighbourhood  of  the 
sciatic  notch ;  or  passes  forwards,  over  the  crest,  to  the  front  of  the 
iliac  bone,  and  spreads  in  the  tissue  about  the  lumbar  plexus,  aiul 
descends  to  that  which  covers  the  mass  of  sacral  nerves  from  whii:h 
the  sciatic  proceeds.  (The  fact  is  of  much  interest,  because  it  shows 
that  this  form  of  fibrous  rheumatism,  of  wliieh  we  have  only  a  very 
vague  pathological  conception,  must  be  regarded  as  inflaQimation, 
since  positive  neuritis  results  from  it.)  The  rheumatic  pain  has  usually 
existed  for  a  few  days  only  before  the  extension  occurs,  but  sometimes 
a  chronic  affection,  after  existing  aa  such  for  several  weeks,  spreads 
acutely. 

Mechanical  disturbance  sometimes  excites  the  disease,  and  often 
co-operates  with  other  influences.  The  pressure  of  the  edge  of 
the  chair,  in  those  who  sit  much,  is  the  most  frequent.  Muscular 
over-exertion,  suddenly  compressing  the  nerve  in  the  thigh,  ia  occa- 
sionally effective.  If  the  nerve  is  already  tender,  a  strong  contraction 
of  the  muscles  at  the  back  of  the  thigh,  especially  when  the  knee  is 
flexed,  and  the  muscles  can  freely  shorten  and  widen,  may  produce  acute 
pain  ui  the  nerve,  evidently  by  its  compression.  This  cause  is  prob&bly 
effective  only  in  a  predisposed  person,  or  when  there  is  already  com- 
mencing neuritis 


J 


126 


fiOlATlOA, 


Tarioua  morbid  pfooetBefl  witlim  the  pelvis  maj  cause  sdiLtica  by 
compressing  the  sacrsl  plexus^  or  hy  exciting  inflammation  whkli 
invades  the  nerve.  Eectal  and  other  tumours  give  rise  to  progreMifo 
pressure,  and  the  inflammation  excited  descends  the  nerve,  resembling 
the  primary  form.  It  may  be  an  ^alj  symptom  of  a  growth  gpringiag 
from  the  bone,  as  an  enchondroma  arising  at  the  sacro-iliac  syuchon* 
drosis.  Pelvic  inflammation  and  injury  during  labotir  are  occasional 
causes.  A  loaded  rectum  may  be  the  excitant,  but  is  a  rare  cause. 
although  apt  to  be  recurrent  when  once  effective.  Lastly^  the  sciatic 
nerve  may  be  secondarily  involved  in  mischief  that  is  outside  the 
pelvis.  The  most  frequent  cause  of  this  is  disease  of  the  bone,  as 
disease  of  the  hip-joint,  especially  senile  rheumatic  i'^flaTn^atMHf 
(GMbeon). 

The  proclivity  of  the  fibrous  tissue  of  this  nerve  to  suffer  primarilr 
is  due  to  its  position  and  the  exposure  this  involves,  and  to  its  eon- 
nections,  which  facilitate  the  passage  of  inflammation  to  it.  B«t 
there  are  cases  with  a  strong  disposition  for  fibrous  rheumatism  to  fix 
itself  in  the  tissues  of  the  pelvis,  sacral  and  lumbar  regions;  the 
nerves  cannot  escape  implication ;  whether  the  sciatic  suffere  earlj  or 
late,  and  in  what  degree,  depend  on  secondary  conditions,  but  it  is 
specially  liable  on  account  of  the  anatomical  relations  of  its  origin* 
The  mass  of  the  "  sacral  plexus  **  is  prolonged  into  it,  and  the  mem- 
branes covering  this,  and  its  branches,  including  the  lumbo-sacral  cord, 
are  very  liable  to  be  the  seat  of  such  inflammation,  wide-spread,  fixing 
itself  irregularly  on  the  various  nerves,  but  in  special  degree  on  the 
sciatic.  In  these  cases  the  pain  is  extensive,  and  often  severe  in  the 
front  of  the  thigh,  but  the  symptoms  of  descending  ueuritia  ane 
prominent  chiefly  in  the  sciatic. 

SncPTOMs.— The  two  nerves  suffer  with  nearly  equal  frequency,  but 
Gibson  found,  in  his  extensive  series,  that  the  left  was  a  little  the 
more  liable,  in  the  proportion  of  48  to  44  per  cent.  In  about  7  per  cent. 
both  were  affected  simultaneously — a  striking  indication  of  the  emaJler 
relative  part,  played  by  the  general  blood-state,  compared  with  poly- 
neuritis, and  the  preponderant  influence  of  local  excitants*  The 
chief  symptom  of  primary  sciatica  is  pain  along  the  course  of  the 
nerve-trunk,  often  also  along  that  of  its  bninchee;  pain  in  the 
area  of  ita  distribution  is  sometimes  subsequentlj  developed.  The 
affection  may  begin  suddenly,  especially  in  cases  of  rheumatic  origin, 
— aa  suddenly  aa  lumbago.  Some  movement  seems  to  excite  it. 
but  there  has  usually  been  slighter  rheumatic  pain  in  the  neighbour- 
hood for  a  day  or  two,  generally  about  the  hip  or  sacrum.  Mora 
frequently  the  onset  is  gradual;  slight  pain  is  felt  along  the  back 
of  the  thigh,  on  movements  and  in  postures  that  make  the  nerve  tense, 
or  cause  pressure  upon  it.  This  pain«  due  to  a  slight  degree  of 
inflammation,  has  generally  existed  for  some  weeka,  increaaiA|f  in 
degree  until  a  considerable  severity  is  attained,  or  suddenly  beeoming 
iulenae  under  the  influence  of  some  exposure  or  over-exjertion.    At 
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]Mai  the  patient  is  etaej  only  when  at  rest,  and  when  the  leg  if  in  a 
mrtain  posture.  Any  mtivemeut  that  makes  the  nerve  tense  causes 
pAia,  and  to  ayoid  this  the  knee,  in  walking,  is  kept  slightly  flexed. 
and  tlie  leg  held  stiffly  so  as  to  avoid  stretching  the  nerve.  As  the 
pain  on  movement  increases,  spi^ntaneoua  pain  is  added»  at  &rst  chiefly 
JUi  in  the  nerve-trunk,  but  soon  apreading  to  its  brandies  and  distri- 
It  18  usually  most  intense  in  certain  spots— (1)  above  the 
>joi]it«  near  the  posterior  iliac  spine,  (2)  at  the  sciatic  not-ch,  (3) 
atxpoi  llie  middle  of  the  tliigh.  (4)  behind  the  knee,  (5)  below  the 
kaad  of  the  fibula,  (6)  behind  the  external  mallwlus,  (7)  on  the  back 
of  Che  foot.  The  pain  may  radiate  over  the  whole  distribution  of  the 
bat  it  is  often  so  distinctly  limits  to  the  course  of  the  trunk 
bfmaehes,  that  the  patient  points  these  out  with  exactness  when 
HcsaleB  its  course.  The  chief  intensity  of  the  pain  is  usually 
the  back  of  the  thigh  It  may  be  dull  or  acute,  is  often  burning 
r»  and  worse  at  night.  It  may  seem  to  dart  downwards, 
from  the  highest  point*  As  the  pain  on  movement  increases, 
tkt  nmH\  liiml  beoomes  extremely  tender  to  pressure.  Even  before 
the  leodernesB  beoomes  considerable  in  the  thigh,  pain  may  often  be 
pnodueed  in  the  following  manner: — Let  the  patient  sit  on  a  chair 
with  th0  knee  at  a  little  more  than  a  right  angle,  and  the  body  bent 
forwmid,  so  aa  to  lengthen  the  course  of  the  nerve  at  the  hip-  and 
IriMUt  jriiinti  If  the  finger  is  then  pressed  into  the  popliteal  space,  so 
MB  to  Biake  the  nerve  a  httle  moi^  tense,  a  pain  is  felt  in  the  course  of 
the nirve  at  the  back  of  the  thigh  or  above  the  sciatic  notch,  and  behind 
the  hipw  It  is  due  to  the  sensitiveness  of  the  nerve  to  tension,  and  is 
a  fiy  meful  test,  especially  when  the  port  inflamed  is  high  up  within 
the  peMe.  It  may  reveal  the  affection  of  the  nerve  here,  by  making 
St  tnam  ieoaep  when  there  is  no  tenderness  to  pressure  at  the  back  of 


flenaationa  other  than  pain  are  often  felt  in  the  area  of 
of  the  nerve, — tingling,  formittation,  and  the  like ;  and  in 
there  may  be  diminished  sensibility  on  the  back  of  the 
lhi^t«  on  Ihe  leg.  or  the  foot.  The  affection  of  sensibility  at  the  back 
of  the  thigh  indicates  that  the  disease  extends  up  the  nerve,  above  the 
mmitko  iiolch,  to  the  origin  of  the  small  aciatie,  or  that  this  is  involved 
ia  *  canalteaeous  neuritis.  In  aefere  oasee  the  muscles  supplied  by 
e  flabby,  tender  to  the  touch,  and  sometimes  distinctly 
aad  wasted.  This  is  chiefly  noticeable  in  the  calf  muscles. 
til  the  group  supplied  by  the  external  pophtoal  nerve.  A 
to  cramp  in  the  muscles  is  often  Tery  marked.  Thete 
mmj  he  as  alteimtion  in  the  electrical  irritability,  usually  a  slight 
iammM  to  eaoh  form ;  it  is  considerable,  and  amounts  to  a  disuncl 
leaolion.  only  in  rery  severe  casee.  Slight  fever  and 
eoastitutional  symptoms  may  attend  an  onset  that  i^ 
aeoli^  whcft  the  mflammation  is  intense.  Chronic  cases,  however, 
ace  tttoaUy  not  aftteaded  by  elevation  of  tempenituro. 
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th#  aoles,  or  some  weakness  of  the  flexor 

lOtlicate  tin  associated  poison ;  it  may 

bilateral  peripheral  neuritis,  and 
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aiding  m  the  generation  of  their  acute  gouty  effects  on  the  sciatac. 
Such  a  wmbination  may  puzzle  the  obserrer. 

A  rare  complication  is  a  tendency  of  the  mischief  to  ascend  the 
nerre.    Thus  symptomB  may  spread  from  the  region  of  the  sciatic 
to  that  of  the  lumbar  pleinis ;  the  pain  may  spread  to  the  front  of 
the  thigb,  and  the  extensors  of  the  tne©  may  become  flabby  and 
'WVfik'     This  is  probably  due  to  the  passage  of  an  ascending  neuritis 
up  tJie  Itttnbo-Bacral  cord*     In  extremely  rare  cases  the  morbid  pro- 
cess nas  apparently  reached  the  spinal  cord,  and  indications  of  cord 
disease  («.  g^  disordered  sensibility  in  the  soles)  hare  thus  succeeded 
those  of  a  primaTy  and  apparently  simple  sciatica.     There  may  even  be 
symptomi  of  lateral  sclerosis  (excessive  knee-jerk,  rectus  clonus,  Ac), 
gach  as  develop  in  some  cases  of  arthritis  and  other  conditions  of  pro- 
longed pidn. 

The  wider  distribution  of  the  pain  and  other  symptoms,  when  a 
rheumatic  inflammation  is  eitensive  from  the  first,  may  have  the 
Mpet't  of  a  complication,  but  often  the  involvement  of  the  sciatic  does 
not  dominate  the  case,  which  is  then  rather  one  of  general  crural 
neuritis,  the  result  of  the  affection  of  the  fibrous  tissue  of  the  floor 
of  the  pelvis  where  numerous  nerves  arise.  The  position  of  some  of 
them  determines  the  frequency  with  which  they  suffer  specially,  but 
the  size  of  the  sciatic  nerve-mass  necessarily  causes  its  affection 
to  be  chiefly  conspicuous.  That  of  some  of  the  lowest  branches  of 
the  lumbar  plexus  also  determines  the  common  seats  of  the  effects 
of  extension  upwards. 

In  spreading  cases,  one  effect  of  extension  is  of  particular  import- 
mce— the  paralysis  of  the  bladder  that  may  result  from  extension 
to  its  nerves.  The  nearer  part  of  the  lumbar  plexus  is  often  them 
inyolved,  and  pain  is  felt  in.  the  front  and  outer  part  of  the  thigh,  and 
even  in  the  groin  and  lower  part  of  the  abdomen  The  vesical  nerves 
from  the  pelvic  plexuees  of  the  two  sides  are  near  t<>gether,  and  the  palsy 
of  the  bladder  is  often  complete^  and  of  long  duration,  outlasting,  it  may 
be.  all  other  sympt4>mfl.     Fortunately,  it  is  a  very  rare  complication. 

Patholoot.  —  The  evidence  of  pathological  changes  is  scanty. 
Rheumatic  inflammation  of  ths  nerve  is  scarcely  ever  met  with  in  its 
active  stage ;  the  disease  is  not  one  which  is  even  attended  by  death 
from  other  causes,  and  the  morbid  changes  are  a  matter  of  inference. 
There  is,  indeed,  hardly  any  organic  disease  so  common  as  sciatica,  of 
which,  in  its  various  degrees,  opportunities  for  pathological  observa- 
tion are  so  few  and  so  meagre.  Signs  of  inflammation  have  been 
found,  chietiy  conspicuous  in  the  sheath  of  the  nerve,  and  invading 
the  interstitial  tissue  in  more  severe  and  prolonged  cases.  Tliey 
are  such  as  are  met  with  in  all  forms  of  perineuritis — swelling  and 
redness,  most  distinct  opposite  the  middle  of  the  thigh — thickenin*' 
of  the  sheath,  invading  the  substance  of  the  nerve.  Microscopical 
changes  have  been  found,  similar  to  those  in  acute  neuritis  elsewhere, 
in  the  rare  opportunities  for  observation  that  have  been  met  with. 
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Tb»  esiitcBoe  or  meimtifl  in  all  seTcre  caset  admite  of  no  donb*  # 
Ui0   symptoms — wasting  of  the   muselt^a   and  anjetthesia— indic**^ 
itrtictural  damage  to  the  nt^rve- fibres,  and  preclude  any  other  tqiliiti** 
Ikm.     There  is  every  gradation  between  these  severe  forms  and  tto*^ 
which  are  slight,  and  the  Bympk>m9  in  the  latter  are  identical  witi^ 
those  of  the  earlier  stage  of  the  severe  caset.     The  early  local  teod^'^ 
ness  proves  the  initial  affection  of  the  sheath  and  fibroua  tisiua   M^ 
cases  of  definite  persistfoce  and  prolonged  oourae  are  inflammkff^' 
Only  trauHient  pains  coming  and  going,  associated  with  neuimlgii  eli^'" 
where,  can  be  regarded  as  of  neujulgic  character.     These  aw  dk0^ 
the  sequel  to  a  true  neuritis,  or  are,  not  seldom »  the  manif eitttoflft  o» 
a  tabetic  neuralgia,  the  pain  of  which  may  recur  during  yewi  IB  • 
neuralgic  forin^  and  eTen  be  influenced  in  its  incidenofi  bf  change  s* 
the  weather,  so  as  to  receive  a  rheumatic  character. 

Th«^  symptoms  are  explained  by  the  morbid  {wnocess,  and  the  facti  of 
ueiirilis  in  general,  already  described,  apply  to  this  disease  in  swij 
p<jint.  It  is  primarily  a  perineuritis ;  the  pain  m  the  nerre  and  l*» 
tenderness  are  due  to  irritation  of  the  8heath*nerve«.  The  pain  re- 
ferred to  the  distal  pcfrtions  of  the  nerre  is  due  to  the  irritation  ol  ^ 
iionductitig  fibres  by  the  interstitial  infiamnuition,  while  thdir  gimtsr 
damage  explaius  the  seusi  rj  impairment  and  muscular  wasting. 

The  disease,  like  other  forms  of  irregular  neuritis,  is  not  one 
essentially  of  the  nervous  system.  It  is  a  local  effect  of  the  con- 
stitutional malady,  gout,  or  the  fibro-rheumatism  whioh  rdCtthv  from 
the  inherited  diathesis,  and  each  seems  to  depend  on  the  preaeaM  ol 
chemical  toxines  in  the  blood,  generated  in  the  body  by  abnormftl 
metabolic  processes.  TJrio  acid  is  probably  only  one  of  these,  and  not 
the  most  harmful,  or  that  which  has  the  most  special  influence.  Bnt 
the  nature  and  origin  of  these  is  still  one  of  the  most  obscure  as  it 
is  OIK!  of  the  most  important  problems  of  pathology,  and  w«  mnil 
assume  that  it  acta  upon  tissues  disposed  to  degraded  nutritson  bt 
the  influence  of  inherited  tendency. 

Bi AON 0818.— The  distinction  between  a  sciatic  neuritis  and  a  sdatic 
neuralgia  is  sometimes  difllcult,  althotigh  less  frequently  thaaimglitbe 
inferretl  from  current  accounts  of  these  diseases,  in  which  the  blirtoiy 
of  tho  neuralgia  has  been  written  from  the  symptoms  of  the  neuritis. 
If  we  recognise  that  aU  cases  of  sciatica  with  persistent  tenderness  of 
the  nerve  are  really  neuritic,  cases  of  sciatic  neuralgia  become  eztrainslj 
rare.  The  two  diseases  occur  usually  under  different  conditions  t  tlie 
subjects  of  neural^  have  often  sufFered  from  neuralgia  elsewhere, 
and  are  generally  weakly  and  ansBmic.  The  pain  is  from  the  fint 
<*pontaneous  ;  it  occurs  as  part  of  more  extensive  and  sevt  re  attaclcs : 
ftosture  has  little  influence  upon  it ;  movement  is  not  itself  painful, 
although  it  may  excite  paroxysms  ol  pain.  The  pain  is  referred  to  the 
and  distribution  of  the  nerve  rather  than  to  its  trunk,  or  it 
qp  or  down  the  trunk ;  and  tenderness  of  the  nerve,  if  it  «3dsts, 
{ether  subordinate  to  t>a©  apotitaneous  pain. 
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IB  only  one  of  many  localities  in  which  the  pain  im 
p^tieat  10  m  adult,  the  pogsibility  of  its  tabetic  nature 
J  ,„_jinto©i«^*  This  ig  practieallj  certain  if  the  knc^-jcrlss 
^  .ijBatedlr  »^*^"* '  ^^^  ^^  ^^»  ^act  there  must  be  no  question,  l^e 
^jbaractor  of  the  pain  ia  an  important  diagnostic  feature 
^ .  alt**^'^?^  tlie  pn^9enoe  of  this  character  has  almost 
^goiiicance,  pain  of  leas  acuteness  and  brevitj  is 
it.  1*-  ^  an  instance  in  which  a  certain  feature  has 
^^^^j^j^j^poe,  but  lU  absence  ia  of  relatively  small  ralue. 
MODdaiT  •«***^*^.^  usually  produc^^d  by  disease  of  bone  about  the 
.Ksiai,  or  o^  ^^^  ^^^^  ii9^\t,  or  by  disease  in  the  pelvis.  In  the 
^^  a  cwne^^  ^^camination  (never  to  be  omitted  in  any  case  of 
i)  ai  o(nc«  re^'eals  the  mischief.  When  the  disease  is  within  the 
and  ^®  *^***  pninarily  (N:)iinected  with  the  nerves  (as  the  pressure 
\m  •fO'rtb).  *^  t«ideme88  of  the  trunk  of  the  nerve  is  slif^ht  in  pro* 
Luod  ^  tbc  P^^  ^^^^  io  its  distribution ;  this  circumstance  should 
^iMi  \»A  ^  *  careful  search  for  any  indication  of  pelvic  mischief. 
Id  IBT  <*■•  ^  doubt,  or  of  prolonged  course  with  steady  increase  in 
Iks  ■TfliP^''^^*  ^  rectal  examination  should  be  made 

III  pa^  occurs  in  some  diseases  of  the  bones  of  the  spine,  in 
0f  tlie  Cauda  equina,  and  oc^^asionally  in  disease  of  the  spinal 
|ljip)f.  In  these  cases  we  have  little  or  no  tenderness  of  the 
J  the  pain  is  chiefly  peripheral,  and  very  often  bilateral  Double 
jpj^tiics  is  00  rare  that  bilateral  pain  should  always  suggest  disease 
~ti  Um  nerre-Tooia ;  but  the  pain  in  these  cases  is  generally  irregular 
is  Hm  difltfibtition,  and  considerable  in  other  nerve  areas  in  the  leg  or 
Bodiboorhood  of  the  hip,  and  is  often  increased  much  bj  movement 

of  ** leooflidaiy  sciatica'*  are  of  much  practical  import- 
lieeaiiM!  their  nature  is  usually  mistaken ;  for  a  long  time  the 
p^tiiait  i*  thought  to  be  the  subject  of  the  ordinary  more  common 
§trrm,  and  is  treated  accordingly,  even  when  the  character  of  the  pain 
^ny»M  raise  a  suspicion  of  the  nature  of  the  case. 
P^MMlfOaiB. — ^The  prognosis  of  sciatica,  not  secondary  to  disease 
the  nienre,  is  good  as  regards  ultimate  recovery,  but  is  very 
regards  sererity  and  duration.  As  a  general  rule,  these 
are  proportioned,  but  both  are  influenced  by  the  practicability 
of  ideqnate  rest  Irritating  exertion  may  lengthen  the  duration  of  the 
JimMB  hf  IBABJ  months,  and  indeed  relapse  may  follow  each  partial 
isuifgry  for  one  or  two  years.  SpontsJieous  pain,  and  that  which  is 
r«{«R«d  to  the  distribution  of   the  nerves,  make  the  prospect  less 

TPmMMrmm»r.—'The  principles  of  the  treatment  of  sciatica  are  those 
if  osmtia  already  described,  and  only  the  points  of  special  character 
Med  be  here  repeated.  In  all  r^.ses  rest  to  the  limb  is  important  beyond 
and  its  nrgeney  is  proprTtioofd  to  the  acuteness 


mmA  ■Bfwritf  ci  Uw  symptoms.    Many  slight  cases  are  conTerted  iniu 
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severe  ones  by  unwise  exertion.  Eveiy  posture  that  induces  pain,  and 
all  movementa  wkicli  increase  that  whicli  exists,  should  be  avoided. 
The  same  is  trtie  of  pressure  on  the  nerve  by  a  hard  seat,  and  bj  strong 
contraction  of  the  flexors  cf  the  knee.  Pain  may  be  thus  suddenly 
brought  on  in  severe  degree,  and  may  endure. 

In  more  positive  treatment  the  causes  of  the  disease  must  be 
remembered,  and,  among  these,  the  frequency  with  which  it  is  related 
to  a  gouty  or  rheximatie  blood-state.  In  gouty  oases  saline  purgatives 
are  often  of  signal  service,  and  are  distinctly  UBeful  iu  preventing 
attacks  in  those  who  are  liable.  In  the  acute  stsge  of  a  severe  attack, 
hot  Unseed-meal  poultices  should  be  applied  along  the  course  of  the 
nerve.  Counter- irritation  ia  of  great  value,  and  caunot  be  employed 
too  early.  A  commencing  attack  may  often  be  cut  short  in  a  few  days 
by  rest,  and  a  series  of  mustard  plasters  or  small  blisters  applied  otot 
the  seats  of  pain,  moved  as  this  changes  under  their  influence,  chasing 
it,  as  it  were,  from  one  spot  to  another,  until  it  disappears.  Internally, 
whenever  there  ia  reason  to  believe  that  active  inflammation  eiiats, 
mercury  should  be  given — a  grain  of  blue  pill  twice  daily ;  nothing 
else  seems  distinctly  to  influence  the  process.  Salicylate  of  potash  or 
lithia,  and  nitrous  ether,  should  also  be  given  at  the  onset— soda  salts 
being  avoided.  Spontaneous  pain  can  only  be  relieved  by  sedatives. 
Morphia  is  the  surest,  but  it  should  only  be  used  for  the  relief  of 
severe  spontaneous  pain.  Cocaine  often  proves  of  great  service,  if 
it  can  be  combined  with  rest,  and  injected  at  the  actual  source  of 
the  pain.  It  should  be  injected  pretty  deeply  at  this  place,  but 
not  into  the  nerve.  One  twelfth  of  a  grain  may  be  firyt  used^ 
increased  rapidly  to  a  third  or  half  a  grain.  It  generally  relieyes, 
although  not  in  the  same  degrtfe  as  morphia,  but  it  seems  to  have 
more  influence  in  promoting  the  subsidence  of  the  inflammation,  aa 
described  in  the  account  of  neuritis,  apparently  because  it  has  a  more 
distinct  inlluence  on  the  conduction  of  irritating  impulses  along  the 
nenrea.  Morphia,  although  equally  effective  elsewhere,  may  also  be 
injected  with  advantage  over  the  inflamed  part  of  the  nerve,  so  as  to 
csombine  the  counter- irritation  of  cutaneous  acupuncture  with  some 
local  as  well  as  general  sedative  influence.  Simple  acupuncture  along 
the  course  of  the  nerve  has  been  recommended:  it  gives  temporary 
relief  to  the  sclatio  pain,  as  to  any  superflciai  pain,  but  the  cases  are 
very  few  in  which  it  has  a  permanent  effect.  Sedative  or  coxmter* 
irritant  liniments  and  ointments  may  also  be  applied  along  the  course 
of  thi?  lu^rve ;  the  most  useful  are  belladonna  liniment  mixed  with  an 
equal  piirt  of  chloruform  liniment,  and  aconite  ointment,  rubbed  in 
until  dirttinct  ting-ling  is  produced.  Electricity  is  chiefly  useful  in  the 
later  stages ;  its  method  of  use  has  been  described  in  the  account  of 
the  treatment  of  neuritis.  In  very  ohstinate  cases,  nerve-stretching 
has  done  good;  sometimes,  perhaps,  by  releasing  the  nerve  from 
compressing  adhesions,  but  probably  more  often  by  effecting  an 
energetic  counter- irritation,  and  enforcing  a  beneflcial  rest.    It  hoM 
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oei^sed  to  be  tbe  fa^liion  it  was  a  few  years  ago,  proof  of  its  limited 
power.  Forced  movement  of  the  joints,  followed  by  rest,  has  been 
sometimes  employed.  In  severe  cases  absolute  rest  in  bed.  and.  if 
ne*'es8ary,  tlie  applifmtion  of  a  splint  to  ensure  this,  baa  been  recom* 
mended.  Weir  Mitchell*  has  urged  the  use  of  a  long  splint,  reaching 
from  the  axilla,  jointed,  so  that  tb*?  hip  and  knee-joints  raaj  be  slightly 
varied  in  position,  and  the  com l>i nation  with  this  of  a  soft  flannel 
bandage  to  the  limb.  The  latter  should  be  reapplied  twice  daily,  from 
the  foot  to  the  groin,  to  lessen  the  amount  of  blood  in  the  limb.  If 
further  measures  are  necessary,  the  applieation  of  the  Paquelin 
cautery  to  the  tender  points,  or  of  tin  splints  filled  with  ice  waten 
is  recommended,  and  after  recovery  massage  with  plentiful  feeding. 

To  prevent  recurrence  the  causes  of  gout  should  be  carefully 
avoided,  and  any  signs  of  a  gouty  state  lessened  by  an  appropriat^r 
legimen.  Habitual  saline  af»erients  are  very  importiiut;  the '"  flush 
out  *'  clears  away  bile  that  would  \ye  reabsorbed,  and  the  result  is  thr 
Hune  as  increased  secretion  from  the  liver.  Slight  pain,  threatening  a 
recurrence,  should  be  met  by  moro  rest,  by  counter- irritation  with  sina- 
pisms, and  the  careful  avoidance  of  sudden  movements,  and  indeed  oi 
all  exertion  that  causes  or  increases  pain.  If  this  is  considerable,  or 
the  nerve  is  distinctly  tender,  complete  rest  for  a  day  or  two  may 
obviate  tbe  subsequent  need  for  weeks  of  rest.  If  there  is  the  sacro- 
lumbago  that  often  precedes  sciatica,  the  pain  produced  by  sudden 
movement  may  often  be  lessened  by  a  few  moments'  rubbing. 


General  Crural  T^itrEiTia. 

In  rare  cases.  **  rheumatic "  inflammation  of  the  fibrous  tissue 
covering  the  lumbar  and  satTal  pleiuses  is  so  extensive  that  many  or 
most  of  the  nerves  to  the  l^g  are  involved,  in  consequence  of  the 
affection  of  their  coverings  at  their  origin.  That  of  the  sciatic  may 
preponderate,  as  already  mentioned  in  the  section  on  Diagnosis, 
where  the  general  characters  of  this  form  are  referred  to,  and  its 
necondiuy  origin  by  extension,  in  some  cases  of  primary  sciatic  neuritis. 
The  cases  in  which  the  afifection  of  the  fibrous  membranes  is  extensive 
gfive  rise  to  such  wide-spread  symptoms,  pain  taking  the  course  of 
many  nerves  and  accompaoied  by  the  tenderness  of  descending 
neuritis  and  impairment  of  movement,  often  chiefly  from  the  inhibitory 
influence  of  the  pain  it  causes,  attended  by  moderate  muscular  wasting. 
There  is  usually  slight  increase  or  decrease  in  the  electric  irritability 
in  some  group  of  muscles,  with  increased  knee-jerk,  very  rarely  the 
reaction  of  degeneration  where  the  nerves  have  suflfered  severely,  and 
then  the  knee-jerk  may  be  lost  if  these  are  the  extensors  of  the  knee. 
In  cases  of  general  crural  neuritis  the  extent  of  the  symptoms  causes 
them  to  simulate  such  as  are  caused  by  disease  of  the  spinal  cord, 

•  Weir  Miubell, '  Interimtioaj*!  Clinic,'  1881* 


muBo-VTosms. 

.  wMf  be  ODB  of  tmI  difBcnltj.    Bat  it  xuniall/ 

of  iti  oeemreiioe  and  genenl  characters,  especially 

i  of  i^  objective  t^ptoms,  and  the  existence  of 

ante  tiiiiiVn  Bfiv  the  pelTii.     The  diagnosis  is 

Mi  •Out  it  ooeors  chiefly  in  those  who  present  a 

_  ^MpoHtioK,  aoqnixed  or  inherited.    The  difficulty 

Vr  tiie  opoMkiiinl  presence  of  reflected  pain  on  the 

il^MA^a,  lioiWfgr,  bj  its  slighter  character,  and 

«Mt  to  liiBt  ivliick  is  most  sefere  on  the  side  chiefly 

of  ibese  CMSB  is  often  prolonged,  and  months 

BMBt  oenmeMes,  especially  when  the  nnder- 

is  watt  veoognised,  the  treatment  of  which,  as 


Ml  affection  of  the  fibrous  tissue 

te  a  single  nerre,  or  some  other  branch 

■ay  be  the  seat,  of  a  neoritis  like  that 

fW  anterior  crural,  or  a  branch,  suffers 

ofmptoms  in  the  front  of  the  thigh, 

Mdtj  sensory ;  motor  sjmptoms  are 

Hinled  m  area. 

iA^  ^  Uie  upper  two  thirds,  is  a  specially 

«^  aeiBSiirinaTly  of  diminished  sensibility. 

derelops  in  a  yery  chronic  manner, 

tal  0uiously  enduring  symptom,  usually 

^^parently  the  result  of  a  limited 

Ql  sSMSU  to  hare  no  sinister  significance. 
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St'*  SI  perhaps  the  most  convenient  by 

„„^  AUt  ^OlKMWa^  usually  confined  to  a  single  limb, 

*;^^^  ^  >^kfi^  i^rmptoms   indicating  an  interstitial 

^^^  ^^^  .^,^Tk»  ttwoles  are  the  leading  feature.    They 

'.^^^iH^j^piitfJAsiacter  is  the  pain  caused  bycontrac- 

."^'^v^^  ,  >,  ^  '-Jte  stimulus  which,  normally,  generates 

;V^    ♦  ^  .^liliiMilft  ibrous  tissue  may  also  suffer,  and 

"^  ^""^Ny^^  .Atofc^^MiiMi  wWe  the  condition  of  the  nerve  trunks 

.**  ^  \.    oj^  ;t04  :♦  ^^jrtuptoms  like  those  of  simple  brachial 

-1  ^vsSL^'****^*^  ^iJiwtion  of  the  nerves  is  subordinate 

.  i*  -41!.*  v<  «*«  siWW*?*-    The  affection  has  thus  fairly 

I    'Vwwvi^  ^^liiMfJL  ^  ^  tissue  in  which   the  afferent 

^,^  -C?^vv;*    <*»ik  '***<  *"*  common  to  all   cases,  however 

X  -^^^    "fctf rar  ••?  spread,  and  however  severe  the 
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additional  Bymptome  which  partake  of  the  i  haract^risticB  of  other 
allied  diseases.  Hence  tho  Builabilitj  of  the  name  "  neuro-myositis," 
in  spite  of  some  limitation  of  meaning  which  this  use  imphes.* 

The  affection  occurs  chiefly  in  patients  in  the  second  half  of  life, 
and  nnder  tLe  same  general  conditiuns  as  brachial  neuritis.  It  is, 
however,  met  with  mere  frequently  in  _Toung  per^sons,  sometimes  even 
in  children,  especially  as  a  troublesorue  sequel  to  rheumatic  ferer, 
limited  to  the  structures  and  muscles  of  the  hand.  More  often  it 
commences  in  the  neighbourhood  of  the  shoulder,  in  the  deltoid  and 
upper  arm  muscles,  and  passes  down  the  arm  to  become  more  severe 
in  the  hand  than  at  the  elbow.  Slight  changes  usually  occur  in  the 
articulation  of  the  shoulder,  but  more  troublesome  arthritic  adhesions 
form  in  the  finger-joints  and  at  the  -wrist,  as  is  common  when  mus- 
cular pain  interferes  with  movements  in  rheiunatic  persons.  This 
lasts  BO  long  in  the  intrinsic  muscles  of  the  hand,  and  tdssues  about 
the  tendons,  that  the  fixation  of  the  joints  becomes  permanent  before 
there  is  time  for  the  restoration  of  the  muscles,  and  some  oedema  in 
the  acute  stiige  ia  followed  by  the  characteristic  changes  in  the 
nutrition  of  the  skin,  peeling  of  the  epidermis  and  wasting  of  the 
aubcutaneouB  structures. 

But  the  affection  of  the  muscles  is  the  characteristic  feature.  The 
iymptoms  clearly  indicate  a  rheumatic  interstitial  inHammation, 
affecting  the  tissue  in  which  the  afferent  nerves  begin,  and  the 
impulses  they  convey  originate,  perhaps,  in  the  mysterious  **  muscle- 
spindles."  In  this  tissue  the  impulses,  unfe!t  in  health,  are  generateil 
by  tension  and  compression,  and  bei'OTne  painful  in  some  conditions, 
as  after  cramp.  Then,  if  the  muscle  is  stretched  in  extension,  or 
the  interstitial  structures  are  compressed  by  muscular  contraction, 
considerable  pain  is  readily  produced.  Simple  muscular  rheumatism, 
transient,  such  as  the  comm^on  form  of  lumbago,  seems  an  affection 
of  this  int^^rstitial  tissue  too  slight  to  f^kersist  as  |.>ermanent  inflam- 
mation. The  chief  feature  of  the  form  now  under  consideration 
is  the  production  of  pain  by  those  forms  of  stimulation  to  which 
the  nerve-endings  normally  respond  (see  p.  58),  compression  by 
Toluntary  contraction,  and  the  passive  tension  in  the  antagonist. 
Pain  is  caused  also  in  the  structures  about  the  joints,  especially  in 
the  capsules,  when  the  limit  of  movement  is  reached  which  the 
state  of  the  various  structures  permits.  Even  passive  movement 
induoes  a  sudden  contraction  of  the  muades,  j-artly  reflex,  partly 
voluntary,  which  causes  pain.     This  pain  spreads  widely  in  the  mus- 


*  It  bai  indeed  beea  proposed  by  Senator  to  nse  it  to  deRignate  Another  dUeup, 
tVe  nir«  ftoute  aymmeirioal  myoAitis  (deBcribed  further  on),  wliich  is  like  multiple 
neoriti*  in  toxic  caasHrian,  and  distal  bilatenil  distribution.  (' Deutw  med.  Wocheii- 
#chr„*  1893).  Thi»  term  bus  not,  lumfver,  come  into  use  for  ihU  nffection,  jind 
•eeniB  not  needed  lor  it,  "  Acnte  ujyoHJtia  "  or  "  polymysitia,"  the  nmniM  employed 
An  Qrrmnny,  are  HufBcrently  adequate  to  leave  to  ite  priHvut  nppHitatioa  the  term 
neiu-y-myofiitis." 
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clea,  as  those  adjacent  contract  to  stop  the  moTcment  to  which  the 
pain  seems  due,  and  it  is  produced  with  readiness  in  the  morbid 
state.  Hence  arises  the  characteristic  feature.  Muscular  contraction, 
the  great  cauae  of  pain,  results  from  anj  movement,  active  or  passive, 
and  the  patient  aoiuires  the  convi€tion  that  no  passive  movement  of 
the  limb  is  possible  without  the  production  of  pain  in  the  muscles. 
Such  pain  does  actiaally  «3ccur  whenever  an  att^empt  is  made  to  move 
the  joints,  as  the  shouhh'r  and  elbow,  even  in  slight  degree,  or  the 
wrist-joint,  if  with  anj  suddenness.  It  is  first  and  most  felt  not  in 
tlie  neighbourhood  of  the  joints,  but  in  the  muscles.  Aftt^rwards 
some  may  be  felt  in  the  structures  about  the  joint.  On  close  and 
careful  observation  it  wlU  be  found  that  the  pain  is  related  much  more 
to  the  expectation  of  passive  movement  than  to  that  which  takes  place. 
Before  any  movement  is  produced,  the  muscles  contract  in  order  to 
control  and  restrict  tlie  source  of  exj>ected  suffering.  The  pain 
coincides  with  this  contraction,  which  is  unconsciously  volitional  and 
reflei,  rather  than  really  Toluntary.  But  with  the  help  of  some 
patience  and  perseverance  it  is  possible  to  get  the  limb  quite  passive, 
resting  without  effort  in  the  observer's  hands,  and  to  make  gentle 
slow  passive  movement  of  the  joints  without  the  occurrence  of  this 
inhibitory  contraction  of  the  muscles*  The  patient  is  often  astonished 
at  the  painless  movement  of  joints  when  he  thought  great  suifering 
would  result  from  the  least  displacement  of  the  parts.  But  if  then 
a  more  s^udden  movement  is  made,  and  the  alarm  and  perhaps  slight 
jvain  cause  sudden  spasmodic  muscular  contraction,  the  pain  felt 
in  the  muscles  is  great.  There  is  usually  some  tendrrness  on  sudden 
compression  of  the  muscular  substance,  and  this  may  be  considerable 
and  produced  with  some  readiness,  but  often  the  sensibility  to 
pressure  is  ineouspicuous.  We  know,  from  the  state  left  hj  common 
cramp,  how  easily  pain  is  produced  in  the  muscle  by  contraction; 
when  this  is  sudden  and  considerable  the  pain  may  be  shared  by 
the  nerves  ;  as  already  stated^  those  of  the  brachial  plexus  above  the 
clavicle  and  in  the  axilla,  present  the  same  tenderness  as  is  met  with 
in  simple  brachial  neuritis,  although  in  slight  and  subordinate  dej.^(H', 
manifest ly  from  the  inflammation  of  their  sheaths.  Other  structures 
Huffer,  as  already  stattxl.  The  result  ia  a  considerable  amount  of  fixa- 
tion of  the  limb  from  the  pain  which  is  produced  by  movement ;  this 
has  more  than  one  source,  and  it  may  be  difficult  at  first  to  discern 
that  from  which  the  chit^f  sufSeriag  proceeds.  The  arthritic  changes 
with-in  the  joints  produee  adliesions  whieh,  with  the  alteration  in  the 
capsule,  fix  the  joint  in  an  abnormal  posture,  generally  that  which  falls 
short  of  complete  eirtension.  The  contraction  of  the  muscles  to  inhibit 
movement  tends  to  be  more  and  more  persistent  and  continuous,  and 
this  state  of  rigidity  ia  prone  to  cause  some  shortening  of  their 
structures  J  nutritional  chan^'c  fixing  the  functional  states  assists  in 
producing  the  slight  deformity  and  fixed  posture  of  the  joints  that 
are  frequently  observed. 
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The  malady  is  commoalv  of  very  prolonged  duration,  developing 
iuBidiously  even  after  recovery  from  an  initial,  more  acute  attack  of 
local  rlieumatlBm,  especially  when  slight  persistent  pain  on  move- 
ment is  maintained  by  the  neglect  of  needed  rest.  The  affection  is 
usually  unsymjiietrieal,  affecting  one  side  only,  after  the  fashion  of  these 
rheunmtic  affections  of  the  fibrous  tissues,  of  sciatica,  or  of  brachial 
neuritis.  Nevertheless,  in  moderate  typii-al  form,  the  manner  in 
which  it  presents  itself  as  an  affection  of  the  interstitial  tissue  of  the 
muscles  and  their  nerves  justifies  the  view  which  is  oxpn'ssed  in  the 
designation  given  to  it ;  aud  the  pi!Ciiliar  implication  of  the  affenmt 
muscle-nerves,  in  consaquuuce  of  its  iateratitial  localisation  in  the 
muscles,  justifies  its  inclusion  among  the  maladies  here  described 

This  is  further  warranted  by  the  condition  which  couunouly  results. 
The  duration  of  the  affection  and  the  changes  which  ensue  in  the  sub- 
stanoe  of  the  muscles  and  the  tissue  about  the  Joints,  and  the  fixation 
of  these  during  the  time  that  elapses  before  the  cessation  of  pain 
permits  freedom  of  movement,  by  that  time  mechanioally  hindered, 
bring  the  cases  into  the  class  of  residual  consequences  of  nerve  lesions. 

The  resulting  int-erference  with  use  of  the  part  is  greater  than  is 
proportionate  to  the  amount  of  rheumatic  inflammation,  iK-ing  espe- 
cially great  when  much  sensitiveness  has  proci-^eded  from  the  long- 
continued  pain,  and  fear  of  its  induction  outlasts  the  danger  and 
exceeds  it  in  <legree.  Some  chronic  neuralgic  j»aiu  is  apt  to  remain, 
due  in  part  to  the  predisposition  to  neuralgia  which  moat  patients  of 
tluB  class  possess. 

Another  curious  sequel  hinders  the  return  of  mobility  in  these  cases. 
Passive  movement  is  difficult  out  of  proportion  to  any  pain  produced, 
although  this  results  if  the  attemp>t  is  persevered  in  and  its  strength 
increased.  The  common  effect  is  a  peculiar  rigidity  of  the  limb,  such 
as  at  first  suggests  firm  a-lhesions  at  the  joints — an  impresston  that 
may  be  easily  retained  if  the  examination  is  haaty.  Its  nature  is 
rendered  elear  by  sufficient  patience  an^l  close  observ^ation  j  passive 
movements  must  be  attempted  with  the  utmost  gentleness  and  slow- 
ness,  and  the  attention  of  the  patient  turned  to  some  other  part  during 
their  course,  while  the  observation  of  the  examiner  remains  fiied. 

The  same  care  is  necessary  in  local  therapeutic  measures  if  these 
ajeto  be  successful.  Gentle  upward  rubbing  to  the  muscles  should  be 
afterwards  combined  with  slow  payaive  movement,  at  first  scarcely 
appreciable  in  degree,  and  continued  with  the  endeavour  to  keep 
behind  the  production  of  the  muscular  spasm.  This  will  often 
permit  good  to  be  effected  by  local  iipphcatioiis  of  heat,  dry  or 
moist,  liniments,  &c.  The  internal  treatment  needed  is  miAi  as  is 
suitable  for  the  gouty  and  rheumatic  constitutional  state,  with  tonics 
where  these  are  indicated,  and  is  of  the  same  general  chaiucter  as 
that  recommended  for  brachial  neuritis. 

Qovf  and  Rheumatimn  in  the  Cauj^aixon  of  Neurifis,  — It  may  seyni  to  tnaDj 
tttudets  tliAt  the  ntiiRe  of  iiiduericeof  Uiene  coiMtitutirjiiul  state*  tiii«  beeu  puilied  too 
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fbr  In  tb«  pnoeAag  Mooonl  of  the  aflbotioB*.  whiali  an  ptfaMrilj  of 
and  only  of  tho  nenrooi  •jstom  bj  rmmm  of  prmUdify.  Tho  diSosUj  wat^  bt 
iiioreoMd  by  tho  number  of  potionti  who  pwunt  no  ndtunott  jtnn—l  or  hondilmj 
evidence  of  eneh  eooMa  diMMO  or  teiidencf  .  But  It  ihoold  be  noted  tbU  the 
inflaenoe  of  gont,  hielading  eneeitnl  goat,  is  e  enl^feet  oo  wUA  ikm  yoaag  |neHti 
tioner  ■tuts  vrith  a  high  degree  of  soiptlelsm  Ngnrding  the  fesnhlf  of 
Bnt  jeer  bj  yeor  bis  doabts  become  fswer.  es  thitj  ere  mhbtd  n««y, « 
more  shorply*  bj  eontoet  with  feet. 

The  negetire  inflaenoe  of  the  eases  im  whieh  the  flMne  eunot  be  tiaood»or  on^  in 
flight  degrsib  should  be  cerisf  ally  weighed  before  the  zesolt  Is  jlneod  im 
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The  term  "multiple  neuritiB/'  or  "poljiieiiritii,**  it  aippliedtothft 
condition  in  which  manj  nerres  are  inflamed  nmnhaoeoiuljr  or  in 
rapid  gacoesBion.  This  mnltiplidt^  it  combined  irith  bOateal  gjm- 
metiy,  alike  in  its  seat  and  in  the  ipeolial  oharaoter  of  the  lymptoins. 
These  constitute  its  most  obtnuiTe  features.  If  ool^r  ft  Urn  iMrvea 
are  inyolved,  the  symmetry  becomes  a  more  salient  feature  than  the 
multiplicity.  The  symmetiy  is  not  only  chamcteristio,  it  is  of  profound 
significance,  because  commonly  combined  with  a  third  fsature^  the  fMSt 
that  the  affection  is  most  intense  at  the  extremities  of  the  narfes*  and 
lessens  progressively  towards  the  centre.  This  "  peripheral  **  sjnunetiy 
can  only  be  due  to  a  cause  circulating  in  the  blood  or  inherent  in  the 
vitality  of  the  nerves.  The  former  is  the  common  medbanism,  but 
some  influence  of  the  latter  is  indicated  by  this  seat, — ^fiurtheet  from 
the  central  source  of  nutritional  energy,  where  the  resistance  to  morbid 
influences  is  least. 

On  account  of  the  seat  the  disease  has  also  been  termed  "peripheral 
neuritis,'*  a  name  that  is  accurate  bat  somewhat  confusing,  because 
it  has  been  used  to  distinguish  all  aflectionf  of  nerfe-tnuiko  from 
central  diseases  causing  similar  symptoms,  especially  in  the  OMt  oi 
the  cranial  nerves.    It  should  not  be  employed  in  this  sense. 

The  name  "  polyneuritis "  has  also  come  into  extensive  use,  and 
pt^rhaps  will  more  readily  secure  assodatipn  with  another  important 
characteristic,  though  practically  identical  with  "  multiple  nouritis.'*^ 
The  microscope  shows  that  the  changes  are  almost  '^'"'A^^  to  the 
proper  tissue  of  the  nerve- fibre,  and  do  not  implicate  the  sheath  or 
interatitial  tissue,  as  a  rule,  even  when  acute.  This,  indeed,  we  might 
ex  poet  from  the  special  limitation  in  the  function  deruigod.  But  it 
affords  a  contrast  to  the  forms  of  neuritis  previously  deaoribed. 
These  may  be  multiple,  and  even,  very  rarely,  symmetrical,  as  when  both 
sciatic  nerves  are  inflamed.  But  the  symmetry  is  rough,  and  it  doea 
not  extend  to  precision  in  the  function  disturbed,  and  soon  ceasea  to 
be  distinct    It  is  this  affection  of  the  true  nerve  tissue,  and  ita  result^ 
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wliich  marks  the  srnimctrj  of  the  form  nnder  consideratioxL.  and  it 
ll—pt  in  the  oocsaiomil  multipUcitj  of  the  mfiummation  met  with 
maiillj  fm  iingle  nerrM.  Thia  chaneter,  of  absolute  ultimate  import- 
«M0»  k  mare  likelj  to  become  attached  to  **  poljneuritis/'  A  name 
m  Deeded  which  embodies  also  the  idea  of  symmetry. 

The  diaoorery  that  certain  oombinatiouB  of  symptoms,  formerly 
kt  to  d^tend  on  disease  of  the  spinal  cord,  art'  really  due  to 
of  the  peripheral  nerves,  is  one  of  the  most  important  steps 
in  the  recent  adYanoe  of  pathology.  It  has  profoundly  modified  many 
oC  oar  conceptions,  and  has  opened  a  new  field  in  pathology,  the  cuJti- 
vrntioo  of  which  has  but  begun. 

The  ooeorrezice  of  multiple  neuritis  was  first  demonstrated  by 
Ihunrnil^  of  Kouen  (1864),  although  the  leprous  form  (which  differs 
in  important  points)  had  been  previously  described  by  Yirchow. 
Todd  also  deaerres  credit  for  a  oorrect  and  dear  perception  of  an 
of  the  neryes  as  the  cause  of  lead  palsy  in  1854.^  Graves, 
hmg  ago  suspected  that  many  cases  of  paralysis  were  due  to 
of  the  nerves,  but  he  based  his  opinion  on  the  normal  aspect 
of  the  spmal  oord ;  and  in  most  of  the  cases  he  describes  it  is  prol«ble 
thttt  modem  methods  of  examination  would  have  revealed  disease. 
80  peculiar  had  been  noted  from  time  to  time;  firsts 
n83t),  by  Dr  J.  Jackson,  of  Boston,  XJ.SA.  They  were 
tuJfy  deecnbed  by  Duchenne  in  1858,  Even  DumeniVs  observations 
ftttncted  little  notice,  and  it  was  not  until  fresh  facts  were  brought 
tewmfd  by  JofEroy  (1879),  Leyden  (1880).  and  Grainger  Stewart 
(1881).  that  attention  vras  generally  directed  to  the  subject.  Since 
time  a  very  large  number  of  obserTatu>ng  have  been  published, 
id  ike  wide  rvUtions  of  the  morbid  process  ore  now  perceived. 
Among  these  one  stands  out  conspicuously  The  forms  of  multiple 
whit^i  present  local  and  functional  symmetry  and  are  of 
ktous  nature  must  be  ascribed  to  a  blood-state  having 
to  all  part^,  bat  a  special  action  on  those  that  suffer, 
AT  do  80  most  FMdiiy,  owing  to  a  peculiar  and  constant  disposition 
in  those  structures  thus  to  be  affected.  The  cause  of  tliis 
is  the  presenoe  in  the  blood  of  some  virus,  and  the  sabent 
b  that  the  tosic  agent  is  usually  a  poison  of  chemical  nature,  a 
or  aa  organic  chemical  material  often  resulting  from  the 
of  organisms  in  or  out  of  the  body,  sometimes  apparently  from 
prooessee  of  digestion  or  excretion,  or  deranged  metabolism 
the  body,  varied  in  seat  and  nature.  To  such  a  poison  some 
'fibrw  are  spfctally  susceptible,  just  as  they  are  to  curara,  or  to 

*  tW  Ifii  attrtpliaa  of  m  iotm  of  pum\jM  U>  thb  lesion  «m  bj  Dr.  Todd,  in  t  Iih 

wmoi  IshI  pahf.    **  1  bcl«vo  that;  the  ma«c]et  and  uerves  ar*  taxlj  ftffectcit],  iml 

s  hlsr  pviod  ths  n«rvf  evntrt'a  i>««ome  tinp)iciii«d.    Tlie  nervout  »jft«ixi  it 

al  \t9  pt^pberj.  in  the  iiervei,  ftnd,  lh«  \>ohon\ng  inilDenee  can- 

tla«  rool«diSa«Uuii  grsdiull/  Mlr«DO0»  tonrurds  the  o»otre  **  ('  CUn.  Lcct./ 
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and  the  distinction  maj  be  one  of  real  difficulty.  But  it  uin&ljj 
suffices  to  be  aware  of  its  occurrence  M»d  general  charactetra,  eepeciall? 
the  moderate  deg^ree  of  the  objective  symptoms,  and  the  exisieiiee  of 
tenderness  of  some  nerTe-tnuikB  near  the  pelviB,  The  diagnoiif  ii 
also  aidol  hj  the  fact  that  it  occurs  chiefly  in  those  who  present  s 
gouty  or  rhonmatic  disposition,  acquired  or  inherited.  The  difficult 
may  be  increased  by  the  occasional  presence  of  reflected  pain  on  the 
opposite  side,  distinguished,  howeyer,  by  its  slighter  character,  and 
correspindence  in  seat  to  that  which  is  most  severe  on  the  side  diidly 
aifected.  The  course  of  tlu'se  cases  is  often  prolonged,  and  nMmths 
may  pass  before  improvement  commences,  especiaJly  when  the  nnder^ 
lying  constitutional  state  is  not  recognised,  the  treatment  of  which,  m 
in  sciatica,  is  of  primary  importance. 

Anterior  Crural  NeuritU. — Such  an  affection  of  the  fibrous  timm 
may  be  limited  to  that  related  to  a  single  nerve,  or  some  other  branch 
of  the  sacral  or  lumbar  plexus  may  be  the  seat.of  a  neuritis  like  thiut 
which  underlies  sciatica.  The  anterior  crural,  or  a  branch,  suffers 
most  frequently,  with  rp«iilting  symptoms  in  the  front  of  the  thtgh, 
or  in  the  outer  part.  These  are  chiefly  sensory  ;  motor  symptoms  am 
seldom  conspicGOLis  in  cases  so  United  in  area. 

The  outer  part  of  the  thigh,  in  the  upper  two  thirds,  is  a  specially 
frequent  seat  of  pain  and  occasionally  of  diminished  sensibihty. 
Anastheata  in  this  region  sometimes  develops  in  a  rexy  chronic  manner, 
without  pain,  as  on  isolated  but  curiously  enduring  symptom,  usually 
stationary  when  discovered,  and  apparently  the  result  of  a  limited 
neuritis  of  chronic  form.  It  seems  to  have  no  sinister  significanosb 
but  has  little  tendency  to  yield  to  treatment 
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The  term  "  neuro-myositis "  is  perhaps  the  most  oonvenlent  by 

which  to  designate  an  affection,  usually  confined  to  a  single  limb, 
generally  the  arm,  in  which  symptoms  indicating  an  interstitial 
rheumatic  inflammation  of  the  muscles  are  the  leading  feature.  Tbej 
become  tender,  but  the  especial  character  is  the  pain  caused  byoontrao* 
tion  of  the  fibres,  i.e.  by  the  stimulus  which,  normsily,  genezattai 
afferent  impulses.  The  adjacent  flbroxis  tissue  may  also  suffer,  and 
especially  that  about  the  joints,  while  the  condition  of  the  nerve  trunks 
may  be  such  as  to  give  rise  to  symptoms  Uke  those  of  simple  brachial 
neuritis ;  but  in  such  cases  th*^  affection  of  the  nerves  is  subordinate 
to  the  peculiar  state  of  the  muscles.  The  affection  has  thus  fairlj 
well-defined  features  related  to  the  tissue  in  which  the  afferent 
impulses  originate,  and  theso  are  common  to  all  cases,  however 
widely  the  rheumatic  affection  may  spread,  and  however  eevere  the 
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besides  giving  riae  to  tlie  product,  perhaps  a  diemical  eubetance*  com- 
parable to  alcohol,  capable  of  causing  a  parenchymatouB  neuritii. 
The  two  forms  may  then  be  conjoined  in  a  puzzling  manner,  varying 
in  relative  amoimt  in  different  cases.  It  is  probably  thus  that  the 
fonus  of  diffuse  or  total  neuritis  are  produced,  occasionally  met  with 
in  diphtheritic  paralysis.  "We  have  here  a  field  still  to  be  investigated, 
Not  less  important  and  mysterious  are  the  distinct  indications  that 
■ymmetrical  neuritis  results  from  toiincs  developed  within  the  body 
from  the  effects  of  other  chronic  diseases.  Diabetes  is  one  of  these, 
but  the  poisonous  agent  is  not  the  sugar  in  the  blood,  for  the  palsy 
CMX^urs  when  there  is  but  a  very  small  amount  in  the  urine.  One  de- 
ranged chemical  process  involves  others,  which  "«ury  in  different  persons, 
and  minute  chemical  variations  may  determine  profound  differences 
in  effect,  ranging  from  the  ianocuous  to  the  toxic.  In  advanced 
organic  kidney  disease  also  signs  of  polyneuritis  may  apjMiar — pains  in 
the  legs,  loss  of  the  knee-jerk,  paralysis  of  the  muscles,  tingling  of  the 
skin,  amsBthesia.  Poisons  capable  of  producing  the  condition,  but  of 
unknown  nature,  seem  sometimes  to  be  taken  in  from  the  outside, 
although  we  know  not  how,  for  cases  of  characteristie  features  occur 
when  the  moat  exhaustive  search  fails  to  discover  a  known  cause- 
Lastly,  symptoms  of  this  state,  moderate  in  dep^-ee — weakness  at 
the  ankle,  loss  of  the  knee-jerk,  subjective  sensations,  or  definitely 
defective  sensibility  below  the  knees,— sometimes  come  on  gradually 
in  the  old,  without  other  cause  than  the  influence  of  advancing  years. 
The  symptoms  seem  not  to  be  pn^gressive,  and  become  less  noticed 
when  they  are  slight,  although  they  are  sometimes  maintained  by 
attention  in  a  troublesome  degree*  They  are  apparently  due  to  a 
degenerative  tendency  due  to  age,  and  are  signs  of  a  senile  form.  We 
must  assume  that  the  nerves  which  suffer  most  in  this  disease  possess 
power  than  others  of  resisting  morbid  agendes,  and  that  their 
"capacity  for  vital  endurance  varies  io  different  individuals,  to  under- 
stand the  occurrence  of  the  malady  iu  those  who  suffer,  and  the 
greater  readiness  with  wtiich  it  is  caused  in  some  by  a  small  quantity 
of  the  poison,  Indoi'd.  we  are  confronted  at  the  outset  by  a  fact 
which  involves  such  a  difference  inherent  in  the  two  sexes.  The  most 
common  cause,  alcohol,  gives  rise  to  polyneuritis  far  more  frequently 
in  women  than  in  men.  Half  a  dozen  cases  will  be  met  with  in  females 
before  one  is  seen  in  a  man.  An  excessive  degree  of  such  a  disposi- 
tion to  degenerate  would  necessarily  involve  an  earlier  manifestation 
of  the  imperfect  nutrition  which  is  the  normal  termination  of  life. 

The  discernment  of  this  eyrametrical  derangement  of  function,  of 
its  dependence  on  the  nerves,  and  the  action  on  tliem  of  morbid 
its  conveyed  by  the  blood,  has  enlarged  our  pathological  eoncep- 
^on  by  revealing  the  nature  of  cases  previously  misconceived,  becausr 
absolutely  not  common,  and  differing  too  widely  in  those  features  that 
would  be  put  together  for  their  nature  to  be  readily  recognised, 
Indeed,  their  recognition  is  probably  one  of  the  results  of  the  per- 
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which  it  is  presented  to  the  nerres.  The  specialisation  of  the  sensory 
symptoms  is  remarkable  in  its  Tariatious  from  all  causes ;  one  form  of 
■enaation  may  alont?  Ix?  disturbed.  Always,  however,  the  form  is  the 
nme,  and  the  seat  is  the  same  on  each  side  ;  and  thia  feature,  whether 
the  disturbance  is  trifling  or  grave,  should  arouse  a  suspicion  that  we 
have  to  do  with  the  action  on  the  nerves  of  a  tojdc  agent  in  the  blood. 
The  importance  of  this  indication  cannot  be  insisted  on  too  often  or  too 
strongly.  It  will  often  save  from  serious  error,  from  loss  of  precious 
time^  and  the  patient  from  much  suffering  and  prolonged  disability. 

In  both  acute  and  chronic  forms  the  influence  of  the  ioxic  agent  may 
be  exerted  on  the  central  organs  as  well  as  on  the  pi^ripheral  nerves, 
not  only  so  as  to  give  rise  to  more  or  leas  diffuse  iniammation,  but 
limited  degeneration  of  tracts  of  fibres,  as  of  the  poaterior  columns  or 
the  pyramidal  ti  acts.  The  frequent  relation  of  the  former  to  a  toarine 
is  well  known,  and  degeneration  of  the  lateral  tracts  is  known  some- 
times to  begin  at  the  extremities  of  the  fibres  in  a  way  analogous  to 
that  of  the  peripheral  nerves.  It  is  not,  therefore,  surprising  to  find 
eeutnl  symptoms  combined  with  those  of  neuritis  in  various  forms, 
and  the  resulting  effects  may  present  characters  of  a  puzzling  aspect. 
Such  wider  distribution  must  be  ascribed  to  the  prediaporfition  of  the 
subject  and  the  character  of  the  active  agent.  It  is  indeed  surprising 
that  the  effects  of  this  one,  so  frequently  limited  as  they  seem  to  be, 
and  the  common  restriction  of  theif  iucidence,  are  significant  of  a 
definite  uniform  difference  in  the  chemical  relations  of  the  nerve- 
itructures,  no  doubt  with  an  absolute  relation  to  function  under 
normal  conditions  as  weE  as  to  diseaj^e.  Indeed^  the  physiological 
importance  of  the  facts  of  toxic  neuritis  are  most  distinct.  They  sug- 
gest that  chemical  processes  have  a  larger  share  in  determining  those 
of  vital  function  than  has  bet- n  thought,  and  tliat  their  range  may  be 
found  more  extensive  and  important  than  was  previously  Buspected. 

An  important  question  has  been  raised  by  the  discovery  tliat  the 
central  structures  often  auMer  in  cases  of  peripheral  polyneuritis,  and 
that  some  toxic  agents  seem  to  act  also  on  the  nerve-cell,  the  central 
element  of  the  neuron,  as  well  as  on  the  peripheral  structures.  But 
the  facts  are  still  too  scanty  to  be  of  use,  and  wiU  be  referred  to 
again  in  the  section  on  pathology. 

It  is  to  the  pathology  of  the  disease  that  we  must  look  for  its 
effecttve  subdivision,  but  our  knowledge  of  the  subject  is  still  Lmper- 
fecL  The  causes  of  polyneuritis,  numerous  and  various  as  they  are, 
still  furnish  the  best  ground  for  a  practical  classification  of  the  forms 
of  the  disease  such  a.s  will  assist  uys  in  recognising  them  and  in 
treating  them. 

Symmetrical  regularity  means  a  blood-sta-te  acting  alone ;  irregular 
multiplicity  generally  means  a  constitutional  state  combined  with  local 
determining  causes.  When  very  few  nerves  are  affected  irregularly, 
the  general  influence  sinks  to  the  level  of  a  predisposition,  and  this  is 
not  always  to  be  recognised  when  a  single  neiTe  is  affected. 
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(•}  SKeum^e, — An  important  YnrietT  of  ihU  cIam  is  that  in  wbicb  m 
toxint,  Memin^lj  of  eorrespondinc  natare,  results  from  an 
txtem«l  influencet  "ut^b  m  expoMure  to  coM.*  Rheumutic  poly- 
Q«iiriiTf  is  a  •pecial  form,  and  y**!  neemi  to  be  a  metabolic  form 
•rntely  excit«d  by  a  procean  tb«  occurrence  of  whicb  we  can 
Me,  but  cannot  timleivtand.  It  Tariea  much  in  its  interi«itj, 
and  in  the  severitj  and  charatter  of  the  attendant  catarrhal  or 
rbenmatie  Bynoptoma.  Thej  maj  amount  to  those  of  ax^tnal 
■ocompanrtnfp  dtseaae,  which  may  aaauine  ]>iedoininant  inten- 
•ity  and  bear  the  aspect  of  a  primary  affection  to  which  the 
neurit  id  ReentB  to  be  Becondary,  and  a  consequence  rather  than 
Mm^re  concomitant.  But  itii  cause  ia  evidently  the  presence 
cl  an  Agent  in  the  blood  capable  of  deranging  acutely  the 
natrition  of  the  nerves  in  a  manner  more  or  lean  ^rnve  and 
enduring.  The  ntorbid  agent  thne  generated  muiit  be  pro> 
dnced  by  a  dif^rdered  action  occurring  under  the  influence  of 
the  expo»ure*  but  in  contequence  of  a  pre-existing  atate  of  the 
■yatem,  which  we  can  best  conceive  an  the  presence  in  it 
cf  ouine  morbid  Rtate,  moat  probably  of  the  nature  of  a 
ehemical  material,  abnormal  in  character,  althoi^gh  perha{>s 
differing  bat  little  from  these  that  are  normally  present.  It 
may  be  more  ctoseiy  allied  to  «nch  products,  althimgh  we  con- 
ceive it  mowt  readtlj  as  analogous  to  a  simple  poison. 

(J)  Sfjiticstmic. — From  aaeh  cases  we  pasi*  to  others  in  which  the 
mue  aeems  to  be  more  apecial  in  nntnre,  and  in  which  the 
swatting  disorder  of  the  peripheral  nerves  is  part  of  the 
genemi  disturbance  of  aepticaemia.  fc^epticusmic  polyneuritis 
eonatittttet  an  important  Tariety»  frequent  and  often  moat 
grave,  Ita  causes  are  numerous,  but  present  two  impi^rtant 
variations  in  nature^  the  cause  may  be  an  injury  or  oiwration, 
CT  it  toAj  be  of  entirely  internal  nature.  An  infective  process 
ia  tke  source  of  an  organismal  mechanism  in  many  cases  of 
ihia  class.  To  it  belong  most,  perhaps  all  instances  of  pner- 
peral  polyneiintia,  an  important  gmup,  which  vary  in  nature, 
howeTer,  ao  ■•  to  make  their  precise  clasaification  very  difficult. 
They  present  the  common  symptoms  in  characteristic  and 
Vfmally  in  acut«  form,  but  these  may  begin  before  or  after 
dttivwj  ill  aaaociation  with  other  symptoms  of  blood-poisoning 
AiUioagh  tbej  predominate  in  the  cases  that  can  properly  be 
placed  in  this  oate;afory.  But  variations  in  oonrae  are  aome- 
tiracB  conspicuous,  and  cases  are  seen  which  present  no  evidence 
of  distinct  causation.  Without  doubt,  however,  the  majority 
are  due  to  nome  form  of  septicsemio  process,  and  this  is  true 
when  other  signs  of  it  are  iDconspiciioua.  Puerperal  poly- 
Dtaritia  ia  septiimniio  aa  an  almost  invariable  rule.  Bare 
•laesr  are  met  with,  however*  in  which  the  iiymptoms  of  neoritix 
develop  in»idiomily,  and  it  may  be  some  time  before  delivery. 
In  a  manner  that  inoreanes  their  mystery,  white  this  ia  further 
•nguiented  by  tfte  termination  of  these  caaea  in  recovery. 
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that  a  toxiiie  may  be  produced  at  an  earlj  stage  of  the 
capable  of  acting  od  the  ner?ee  and  eansin^  poljneuritb. 
The  citbjeci  is  considered  in  the  section  on  Locomotor  Ataxy,  but  it 
I*  bspofiant  to  mention  it  here,  because  this  disease  presenta  an 
of  central  and  peripheral  lesions  due  to  the  same  cause,  and 
■A  affection  of  the  sensory  nerves  almost  identical  in  dii- 
triliution  and  nature,  and  giving  rise  to  similar  effects,  is  sometimet 
liift  eottseqnance  of  alcohol,  and  occasionally  also  of  other  ag^ts,  aa 


Tiihercular  polifneuritU  is  a  form  regarding  which  we  have  stiD 
to  learn.  It  has  occasionally  developed  in  the  course  of  phthisis, 
M  be«n  found  to  be  of  the  purely  parenchymatous  or  degene- 
imlm  variety.  Severe  oanee,  with  characteristic  motor  and  sensoiy 
■jMIJioinB,  in  which  other  causes,  such  as  alcohol,  can  be  excluded,  are 
rare,  but  their  occurrence  is  well  established, f  and  tbey  seem  to  justify 
thm  conclusion  that  the  tubercle  bacillus  is  capable  of  producing  a 
ppi^nk  having  a  specific  action  on  the  nerves^^  mechanism  also  indi* 
oied  by  the  fact  that  the  bacilli  theniselvefl  cannot  be  fouiid  in  the 
■fffertciii  structures.  It  is  said  that  similar  slighter  neuritis  is  frequently 
to  be  found  after  death  in  cases  of  phthisis,  and  probably  produces 
•jiBptomfl  that  are  overlooked  in  the  general  prostration  of  the  later 
^Imgm  of  the  disease.  Some  severe  cases  recorded  as  tubercular  are, 
komvfe^,  not  free  from  the  suspicion  that  alcohol  was  in  part  or  wholly 
^hm  OKue  of  the  neuritis.  There  is,  moreover,  another  relation  between 
BMiple  Dfiiiritia  and  phthisis ;  the  latter  often  develops  in  the  course 
•loobolic  iiBimtiB,  and  is  a  frequent  cause  of  death. 
Qmd  gives  rise  to  interstitial  neuritis  and  perineuritis,  usuallj 
but  sometimes  multiple  and  then  irregular  in  distribution. 
Tot  chmnift  alcoholism  occasionally  coincides  with  the  gouty  state,  and 
ij  cwue  A  combination  of  the  symmetrical  toxic  form  of  typical 
'.  and  an  isolated  neuritis,  such  as  infammation  of  the  sciatic 
oombination  which  may  puzzle  unless  this  origin  of  it  if 

Most  Acute  Specific  Di$ease$  have  been  followed  by  neuritis,  some 
frequently  than  others,  especially  diphtheria,  variola,  measles, 
m  And  typhoid  fevers ;  and  intluenza  ham  bad  tiuB  sequel  with 
■Citalllp  frequency  during  the  epidemic  of  the  last  five  years.  The 
tBtemkl  that  usually  elapses  between  the  acute  disease  and  the  neuritis 
givoB  ilfOQg  support  to  the  pathology  of  the  disease  above  described. 
TIm  uuisuireiiee  of  the  neuritis  does  not  seem  to  be  related  to  the 
smwiiy  of  the  primary  disease,  but  rather  to  some  peculiarity  in  the 
spaeU  crgaiiiams,  such  as  so  often  determines  peculiar  features  in  an 

(■Hauv.  Oukt/   1893,  p.  632)  directi  attentioo  to  ft  fact,  e«piH:iaIly 
■  I17   hajdrn,  Qowerv,  and   others,  that  gonorrhcea  may  give  ritft  to 
ItliMi  of  lh«  otnrooa  tjrt'cni,  and   mentiona  etpeeUlly  nearitis  aod 
Itia^ 
t  8SS  OppiabsiB,  <  Zeitachr.  f,  kUa.  M«d^*  1886,  p.  230. 
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epidemic,  TIuh  f  catxire  is  conspicuous  in  all  the  acute  specific  diseases. 
In  one  case,  which  developed  six  weeks  after  varioloid,  with  pains  in 
the  limbs,  atrophy  of  the  arms  and  le^s,  (fee,  the  purely  nouritic  nature 
of  the  morbid  process  was  ascertained  six  months  later,  when  the 
patient  died  from  pneumonia.  But  the  mechaniam  is  apparently  mure 
complete  in  some  maladies.  In  diphtheria  a  poison  is  produced  which 
has  a  more  extensive  action  on  the  nerve-structures.  This  is  deecrib^-d 
in  more  detail  in  the  second  volume.  In  this  dise^iRe,  moreover,  the 
acute  stage  is  attended  by  an  acute  inflammation  of  all  the  elements  of 
the  nerve- litnictures,  and  not  merely  of  the  functional  parts — a  more 
intense  morbid  agent  being  apparently  active.  Malarial  neuritis  seems 
to  occupy  a  position  intermediate  between  the  secondary  and  primiiry 
forms,  since  it  Bometimes  follows  malaria!  fever,  and  sometimes  devf - 
lops  without  previous  fever  in  those  who  have  been  exposed  to  the 
influence  of  malaria.  We  have  much  still  to  leai-n  regarding  the 
pathology  of  these  forms, 

Septicsemie  polyneurUis  is  a  rare  variety,  but  one  of  the  most 
formidable  in  many  cases,  the  nerves  to  vital  orgaos  suffering  with 
relative  frequency  and  severity.  The  most  severe  cases  have  bei^n 
traumatic,  the  result  of  organisms  introduced  from  without  into 
some  wound,  or  of  some  injury  or  local  inflammation  capable  of 
giving  rise  to  blood-poisoning.  In  some  such  cases  the  dieease  liaa 
been  unaccompanied  by  the  usual  symptoms  of  septic  blood-states, 
but  has  followed  its  cause  at  an  interval  that  eugg^ests^  taken  with 
other  analogous  facta,  that  it  is  due  to  some  virus  produced  pro- 
bably by  septic  organisms  of  a  special  character.  For  instance,  ft 
man,  thirtwn  days  after  a  stab-wound  beneath  the  clavicle,  which 
healed  well,  had  an  attack  of  parotitis  with  facial  palsy.  On  the 
fortieth  day  there  developed  paralysis  of  tongue,  vocal  oords,  and 
limbs,  and  on  the  sixth  day  after  the  onset  of  these  symptoms  he  di<'d 
from  respiratory  |>alsy*  Extensive  peripheral  neuritis  was  the  only 
nerve  lesion.*  lu  a  less  severe  case  recorded  by  Barraf  the  symptoma 
commenced  three  vreeks  after  a  neglected  wound  of  the  hand,  which 
produced  inflammation  of  the  lymphatics,  extending  up  the  arm  to  the 
axilla.  The  symptoms  of  neuritis  began  in  the  injiu-ed  brab,  and 
invaded  successively  the  other  extremities,  causing  characteristic  weak- 
ness in  the  lower  limbs,  with  loss  of  the  knc^e-jerk.  He  slowly 
recovered.  It  is  pr>H.sible  that  some  cases  of  this  class  result  frt^ru 
unsuspected  foci  of  inflammation  within  the  body,  in  which  pus 
becomes  pent  up  and  c^iuses  the  blood-state. 

In  cases  with  a  possible  int<^rnal  source  of  blood-poisoning,  poly- 
neuritis  may  develop  as  an  apparently  primary  disease  if  the  Bource  of 
the  aepticaemia  has  been  undiscovered.  The  nature  of  such  (^«es  is 
often  mysterious.  They  are  not  separable  from  those  due  to  deranged 
metabohsm,  or  to  some  toxine  arising  by  a  different  mechanisuL 

•  Roth.  •  Corr.-B!.  f.  Schw.  AerzW.'  18«:^  No.  13. 
t  '  Ai»er.  Jouru.  Med.  Science,'  Feb.,  1889. 
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Other  primary  cases  occur,  moreover,  m  which  there  ia  no  cause  for 
■epticsBmia,  and  yet  of  such  seyerltj  as  to  suggest  a  [xnson  coming 
from  a  powerful  external  source.  The  only  explanation  we  can  give  of 
thiBse  is  that  they  are  probably  due  to  a  Tims  received  from  without, 
the  precise  nature  of  which  is  unknown,  and  that  there  are  sourc^^s 
of  such  toxines  of  which  we  are  still  ignorant.  Some  cases  have  been 
met  with  in  which  the  symptoms  of  multiple  neuiitis,  perfectly  charac- 
lerLstic,  cam©  on  without  any  discoverable  cause,  and  ran  a  course  in 
most  cases  mild,  and  ending  in  recovery ;  in  one  or  two  others  severe, 
and  ending  in  death.  Some  cases  of  what  is  popularly  termed  *'  blood- 
poisoning**  are  probably  of  this  nature.  A  condition  also  occurs 
during  the  puerperium,  and  is  probably  the  result  of  some  accidental 
aepticsemic  process.  The  type  is  one  of  sovei-e  poljnearitis.*  A 
similar  conditioa  has  also  been  desnribedf  as  occurring  during  preg- 
nancy, the  symptoms  all  disappearing  after  delivery.  If  certain  rlrain 
poisons,  probably  organismal,  are  capable  of  giving  rise  to  a  disease, 
diphtheria,  of  which  multiple  neuritis  is  often  part,  there  is  no  im- 
probability in  some  forma  of  virus,  of  similar  character  and  analogous 
source,  having  such  neuritis  for  their  chief  effect. 

In  this  connection  it  is  icstnietive  to  note  that  an  epidemic  is  on 
record  in  which  paralysis  preceded  the  throat  affection  (see  Bipb- 
theritic  Paralysis,  Vol*  11).  As  an  instance  of  this  primary  form  may 
be  mentioned  the  case  of  a  medical  practitioner  who  was  attacked  with 
obstinate  vomiting  and  diarrhoea  succeeded  by  constipation,  for  which 
no  cause  could  be  discovered,  quickly  followed  by  *'  numbness  "  in  the 
hands  and  feet,  and  a  difficulty  in  using  them.  When  I  saw  him,  a 
fortnight  later,  there  was  loss  of  tactile  sensibility,  limited  to  the 
palms  and  soles,  weakness  of  the  legs,  and  no  knee-jerk.  The  weakness 
rapidly  increased  and  extended,  and  at  the  end  of  five  weeks  from  the 
onset  he  died.  Such  a  case  presents  all  the  features  of  the  toxic 
fornLj 

The  Efmumattc  form  embraces  all  the  ca^es  of  polyneuritis  that  are 
due  to  exposure  to  cold.  Bheumatic  fever,  due  to  a  similar  exposure 
to  cold,  must  depend  on  a  morbid  blood-state,  produced  in  some  way 
by  the  disturbing  influence  of  the  ehill  on  the  metabolic  processes 
within  the  body.    The  poison  thus  generated  must  vary  much  in  its 

•  MObiai.'MuDoh.  tned.  Woc1ieD«chr.,'  1892.  Bd.  xlv;  Berfihnrat, '  DeuUcli.  mcd 
Worhenschr.,'  189*,  Bd.  1;  Euk'tibiirg',  '  Dout*ch.  tned,  VVoclieii«clir.,*  1«95,  Hd. 
vj'i,  ii ;  Sottui  and  Sottaa,  *  Gar^  liet  H5p.,'  1S92;  TitrDejr,  *  !^t.  Tlioma»'«  Hmp. 
Reportati,*  vol.  xtv,  1808,  who  dese^ribea  three  viirietifi:  (1)  generuliBed  neiiritis, 
(2)  localiied  neiirkia  nHecting  (a)  upper,  (d)  lower  liitiba,  and  (3)  neuritii  afftJttiug 
M,  tingle  nerve  without  nny  Mwttahmhle  local  cAQse. 

t  Stiefd,  *  Neur.  Cent.,'  1803,  352. 

^  It  sboald  be  m•^ntioned  tbiit  otlior  circomHtanceH  excited  m  siinpicion  of  inten« 
tionftl  clironic  polBoning-.  Thia  fact  does  not  lessen  the  ffngg-eaitveneaa  of  llie  ci»e. 
Multiple  neuritis  must  hi'ticefurtb  ronittititte  mi  ctemeiit  iu  inaTij  questions  of  mfdicai 
jtiri4[irudeuce,  lt«  diaooverjf  might  give  greater  Mreiglit  to  indication*  of  wnma  forme 
of  puiioniag. 
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VW  iMMi^  lOtHi^  pv«tent8  many  varieties,  and  our  knowledge  of 

V  Vw  W»iik  <lkNM7  r«f^MTed  to  so  far  as  its  imperfect  character 

^  te  9«^  fluted  to  the  amount  of  sugar  in  the  urine — 

9l  |k#  t^j^li^Nmrt  this  has  been  small  (in  one,  indeed,  bm 

^  W  ^^  ^  o««it)  ;  nor  is  it  readily  influenced  by  a  dietetic 

^\\tus>liw4lk  w4  ^  %«ftOUiit  of  sugar  in  the  blood.    Hence,  as  we  have 

XN\vu.  vl  Wk  *^^^*M>Pi  ^  ^  dw®  *o  80°^®  *^^c  product  that  is  f<  rmed  in 

V  Ivv  vs^^Vk%*A  ^kH^likbollwa  of  the  diabetic  subject,  comparable  to  acetone, 

^.vhvvv^jl^^j^r^u^Y  not  acetone  itself. t 

i  is^JWiir'  ^'Wy<*¥#WH»  it  the  form  most  frequently  met  with,  at  any 
v%^vv  *v^  fN^'  *»  MNM-^ftWrked  cases  are  concerned ;  this  form  preponderates 
m  ukv^^  vvVM^U^  (^▼W  all  others  put  together,  but  at  present  many  of 
vKs^  4\^^'  •^•wy  fwmi  escape  recognition,  and  the  preponderance 

^  VK^<*  iM  ^W^iJ^iaiW  'TWMM.  Am.  Neur.  Aaioc.,*  1882. 

I  VC\Sk.'jU»^Yi  0^*^  OUron./   Nor.,    1892)    found   in  fifty  eaaes  of  diabeiM 
^W^^  ^^.  i^«»v)^  WWIi^Wsal  la  88  per  cent,  and  obtained  onlj  with  reinforoemeuts 
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will  probably  be  much  less  when  all  cases  are  reoogaised.  It  results 
chiefly  from  the  atroiiger  forms  of  alcohol,  especiitLly  from  e|iirits.  It 
is  more  commoa  amoag  those  who  take  small  quautitiea  frequently 
than  among  those  who  indulge  in  an  occasional  **  bout  **  of  intem- 
perance, probably  because  the  total  quantity  consumed  is  greater. 
Strange  to  say,  it  ia  far  more  frequeut  aiiioiig  women  than  amon*^  men, 
probably  at  least  three  times  as  frequent.  The  cause  for  this  is  dithmilt 
to  disoenL  On  the  one  hand  continuous  drinking  is  more  common 
among  women  than  is  occasional  intoxica^tion ;  and  women  who  tako 
alcohol  to  excess  generally  do  so  ia  the  form  of  spirits,  while  men 
often  take  it  in  the  form  of  beer.  At  the  sauni  time  the  opposite  pro- 
cUTity  ia  si^en  in  the  case  of  delirium  tremens^  and  it  would  seem  as  if 
there  were  a  difference  in  the  nervous  system  of  the  two  sexes,  whereby 
a  susceptibility  of  the  nerves  in  women  replaces  that  of  the  brain  in 
men. 

The  amount  of  alcohol  habitually  taken,  and  the  duration  of  the 
habit  b<_*foro  the  onset  of  the  affection,  vary  much.  It  has  lM>en  thoujjht 
tliat  a  neuropathic  dispnaition  renders  a  less  quantity  and  briefer 
period  adequate.  Other  causes  often  co-operate  with  alcohol  in 
exciting  the  disease,  especially  exposure  to  cold,  and,  in  the  lower 
claases,  insufficient  nourishment.  Exposure  ia  especially  effective  in 
thoie  in  whom  slight  symptoms  exist  but  attract  little  attention,  and 
the  condition  of  the  nervous  system  is«  as  it  were^  prepared  for  a 
severe  outbreak. 

Idiopathic  Forma, — Regarding  these  varieties  of  idiopathic  poly- 
neuritis, little  remains  to  be  added  to  wliat  has  been  stated  at  p.  146. 
The  evidence  rests  chiefly  oa  the  post-mortem  discovery  of  the  changes 
in  the  nerves,  but  it  is  probable  that  more  can3ful  atleutiuu  to  the  puint 
will  show  that  symptoms  are  not  unfrequent  which  now  rec^iive  little 
attention,  or  are  regard»-d  as  functional  only.  More  attention  is  also 
needed  by  the  cases  iu  which  a  neuropathic  tendency  or  some  depressing 
emotion  seems  to  be  the  cause  of  this  disease,  as  they  may  be  of  the 
corresponding  degeneration  of  the  pynimidal  fibres  within  the  cord  in 
**  lateral  sclerosis,"  a  degeneration  which  also  bt^gins  at  the  extremity 
of  the  fibres  and  extends  upwards, 

Atheromatoug  Neuritis  merits  separate  recognition  on  account  of  its 
pecidiar  mechanism.  In  these  cases  the  nerves  of  the  limbs  have  been 
extensively  damajjred  through  atheroma  (or  *'  arteritis  obliterans  ")  of 
their  arteries.  Necrotic  inHamjuatory  processes  take  place  in  the  parts 
of  the  nerves  supplied  by  the  affected  vessels,,  and  there  reisult  symptoms 
tliat  resemble  those  of  the  toxic  form  in  character,  although  differing 
in  the  greater  irregularity  of  distribution.  The  symmetry  that  cousti- 
tates  BO  strikiug  a  feature  of  the  common  cases  is  absent,  but  arterial 
degeneration  may  be  symmetrical,  and  an  incomplete  rough  symmetry 
may  thus  result.  It  is  conjectures^!  that  such  disease  of  the  nerves  will 
found  to  be  frequent  in  the  cases  in  which  senile  disease  of  the 
gives  rise  to  gangrene,  and   that  it   is   partly   through  the 
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agency  of  tlie  neuritis  that  the  gangrene  is  produced ;  but  this  rifw 
overlooks  the  potent  influenoe  of  the  arterial  obstmction  it»elL* 

U-EiTERAL  Etioloot.— Multiple  neuritis  is  a  disease  of  adult  lif«. 
1  he  only  form  met  with  in  children  is  that  which  sometiixkes  aeoom- 
P^^es  polio- ray<?Iit  18,  and  may  perhaps  now  and  then  be  met  with 
apart  from  the  spinal  nialiidy,  as  an  infantile  variety  of  multtplt 
adventitial  neuritis,  irregular  in  distrihiitiou.  The  other  oommoo 
forms  Oijcur  chiefly  between  twenty  and  fifty ;  the  alcoholic  betwMQ 
thirty  and  forty  twice  as  frequently  as  in  either  the  previous  or  Itter 
decade,  bnt  it  may  be  met  with  up  to  sixty  years  of  age  ;  while  the  rw 
senile  (piirely  de^uemtive)  variety,  and  the  still  more  rare  axteritic 
form,  are  met  with  at  still  later  ages.  Females  constitute  a  majority 
of  the  CAses,  the  decree  of  which  cannot  yet  be  estimated;  it  is  dns 

solely  to  their  liability  to  alcoholic  neuritis,  in  which  they  amount  |o i 

at  leAst  70  per  cent.     The  rheumatic  and  toxwniic  forms,  on  the  otl^^H 
hand,  occur  more  frequently  in  males,  probably  from  their    greM^^ 
exjjosure  to  the  causes  of  the  disease. 

More  than  one  cause  may  i-o-operate  in  producing  the  affection,  and 
then  we  may  <listiugiiish  the  one  as  "predisposing/*  the  other  as 
'•  exciting,*'  although,  as  a  rule,  either  would  be  adequate  alone  were 
its  degn>e  more  intense.  The  double  causation  can  most  often  be 
traced  when  cold  or  some  depressing  influence  co-operates  with  alcohol^ 
or  when  the  influence  of  the  ktter  is  conjoined  with  that  of  tabercle, 
as  either  the  primary  or  secondary  cause.  Even  more  frequently  tlia 
symptoms  follow  some  cause  of  con>titutional  depression,  inadequate 
alone.  In  one  case  this  was  an  attack  of  acute  gastric  catarrh  with 
Tomiting,  the  result  of  the  alcoholism  which  was  the  real  cauae  of  the 
neuritis.  In  other  cases  a  depressing  emotion  has  seemed  to  be  the 
excitant,  and,  as  we  have  seen,  this  appears  to  be  sometuiios  alone 
sufficient.  In  one  alcoholic  case  the  injurious  effect  of  painful  emo- 
tion (due  to  the  death  of  a  son)  was  at  once  to  arrest  improvement^ 
and  to  excite  a  progressive  increase  in  the  symptoms,  which  oontinnsd 
until  death  a  few  months  later.  Anaemia  probably  acts  chiefly  aa  a 
predisponent,  lowering  the  nutrition  and  resisting  power  of  all  the 
tissuee,  and  rendering  a  sli<;^hter  cause  effective*  Thus,  in  the  oaae  of 
an  ansemic  girl  recorded  by  Burrs,  the  symptoms  followed  immediai 
on  bathing  the  feet  in  cold  water,  when  the  patient  was  heated^ 


Symptoms, — The  symptoms  produced  by  multiple  neuritis  differ 
widely,  as  has  been  already  in  ri  ma  ted,  according  to  the  character  of 
the  affection  of  the  nerves.  They  are  of  three  classes — motor  weak- 
ness, sensory  disturbance,  and  inco-ordinatiom  Psychical  aymptotts 
are  sometimes  pronounced,  especially  in  alooholio  cases.  Losa  of 
memory,  especially  as  regards  place  and  time,  are  the  moat  obvions 
conditions,  but  hallucinatioas,  especially  ritmal.  are  not  in&equentlr 

*  S<')iU'i«tri|;<*r  (  N«'ur  CtMit.,'  iH95.  p.  S78)  deicriUt't  «  furm  of  neufili*  aMooikUd 
^iihami'^rttrtli*  ohltUrattM  iittnlar  to  tii&t  oecurriii^  tti  ■\pliiliii. 
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preeent.  The  mutor  weakness  depends  an  an  affection  of  tlie  motor 
nerve-fibres,  and  usually  involTes  first  and  cMefly  the  flexors  of  the 
ankle  and  eitensors  of  tHe  toes,  and  the  extensors  of  the  wi-ist  and 
fingers  in  the  forearm,  musclefl  that  are  homologous  and  supplied  by 
corresponding  nerves,  the  anterior  tibial  or  peroneal  nerve  in  theleg,  the 
radial  branch  of  the  musculo-spiral  in  the  arm.  I'he  result  is  the  cha- 
Tftcteristic  "wrist-drop**  and  "  foot-drop,'*  shown  in  Fig,  68.      Other 


PlQ.  58. — Multiple  fttcoliolio  neuriii*;  p*l»y  ©^  eitensors  of  wnst  i*nd  dexort 
of  ankle.     (From  h  pbotograph  by  Mr»  Hyde  Marriott,  B,Sc.) 


muscles  suffer  in  severe  cases.  The  sensory  symptoms  consist  of  sub^ 
jective  sensations  of  tingling,  &c. ;  pains  of  various  character,  seat, 
and  degree,  often  referred  to  the  nerves  or  deep  parts  j  tenderness 
of  the  skin,  nerve-tninka,  and  muscleSp  and  loss  of  cutaneous  sensi- 
bility. The  inco-ordination  resembles  that  present  in  the  slighter 
degrees  of  locomotor  ataxy,  and  is  often  associated  with  loss  of  the 
muscular  sense.  These  symptoms  will  be  considered  in  detail  Ac- 
oordmg  to  the  predominance  of  one  or  other  of  the  three  sets, 
corresponding  varieties  are  distLiiguifihed,^(  1)  a  molar  form,  in 
which  there  is  loss  of  power  with  or  without  the  other  synif  toma ; 
(2)  a  Benaorif  form,  in  which  there  is  no  marked  muscular  Wdkness 
or  inco-ordination^  bot  in  which  sensory  disturbance— irritation  or 
loss— is  the  chief  symptom  j  (3)  an  ataxic  form,  in  which,  without 
marked  loss  of  power,  with  or  without  sensory  symptoms^  inco-ordina- 
tion is  the  dominant  Byn^-ptom, 

As  mentioned  m  the  introductory  section,  the  varieties  of  poly- 
neuritis that  are  due  to  special  metallic  ]>oison3  and  to  certain  aoute 
specific  diseases  are  described  eejm-rately,  in  the  second  volume  of  this 
work,  amonsj  the  general  diseases  of  the  nervous  systnn.  The 
coiumon  alcoholic  form  is  alone  suitable  to  convey  a  knowltnlge  of  the 
general  features  of  the  affection^  but  the  account  of  ita  syraptoms 
must  be  completed  by  some  mention  of  those  of  the  less  common 
forms,  which  do  not  need  sepanite  description  elsewhere. 

It  should  l-e  clearly  underfttood  at  the  outset  tliat.  oo  set  of  sym* 
ptoms  is  exclusively  i^ated  to  a  dingle  cause.    The  various  forma 
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which  depend  on  the  incidence  of  the  diBeikse  on  the  motor  or  tita 
sensorj  nerves  in  preponderant  degree,  are  met  with  in  ooBMqnenci 
of  each  of  the  common  causes^  although,  as  we  shall  aee,  some  caoict 
give  rise  more  frequently  to  one  form  than  to  another. 

The  onset  and  course  of  multiple  neuritis  rary  much  in  dififerrat 
cases,  bcith  of  the  aainc  class  and  of  the  several  classes.  Prt^monitort 
gymptoma  occur  in  some  cases.  They  have  been  observed  chiefly  la 
the  alcoholic  form,  but  occur  in  others  also.  When  due  to  cold  or 
)ther  causes  of  constitutional  disturbance,  the  special  symptonu  of 
the  general  state  miiy  immediately  precede  the  onset.  Thuj*  after 
exposure  to  cold,  general  rheumatic  syinptoms,  with  fever,  bron- 
chitis, and  other  signn  of  catarrh,  may  immediately  be  followed  by 
the  symptoms  of  neuritis.  The  symptoms  that  have  been  regarded  M 
premonitory  are  especially  "numbness'*  and  tingling  of  the  fing^tf 
and  toes,  or  of  the  palms  and  soles,  or  the  lower  parts  of  the  limb^, 
vaso-motor  disturbance  in  the  extremities  (as  pallor  of  the  fingers), 
and  painfoi  cramp  in  the  calves  or  elsewhere,  together  with  dull 
rheumatoid  pains.  These  constitute  the  first  symptoms  of  the  disease, 
but  when  they  exist  alone  for  months  before  the  onset,  they  may 
be  regarded  as  "  premonitory."  All  these  symptoms  are  probably 
due  to  the  influence  of  alcohol  on  the  nerves,  dis^turbing  the  function 
of  the  structures  whose  nutrition  undergoes  subsequently  a  oorr^ 
sponding  impairment. 

The  onset  itself  may  be  acute  or  subchronic,  and  is  sometimeB  so  alow 
as  to  de8erve  the  name  of  chronic,  especially  in  the  slighter  weOMOrj 
form.  An  acute  onset  is  on  the  whole  rare  in  alcohoUc  caaec  anJoM 
the  malady  is  '*  excited"  by  some  cooperant  influence.  Thus,  in  one 
alcoholic,  a  prostrating  attack  of  vomiting,  lasting  for  ten  days,  wa« 
followed  by  an  onset  of  the  symptoms  of  neuritis  so  acute  that  at  the 
end  of  a  week  the  patient  was  unable  to  stand,  and  there  wa#  gjBoenl 
impairment  of  sensibility.  It  is  met  with  chiefly  in  cases  doe  lo 
oold  or  tox^Bmic  states ;  in  these  it  may  be  attended  by  severe  con* 
stitutional  disturbance,  rigors,  and  considerable  pyrexia.  In  other 
forms  the  elevation  of  temperature  is  usually  slight  or  modemte,  hdL 
sometimes  amounts  to  3^  or  4^,  and  may  last  from  one  to  thsm  or 
four  weeks.  The  first  definite  symptom  (if  it  has  not  existed  before)  is 
often  the  tinjjling,  or  "  pins  and  nee<lle8  "  in  the  extremities,  already 
mentioned^  with  vague  "  rheumatic  "  pains,  which  become  more  acute. 
Motor  sym]>t()m6  are  usually  soon  added,  palsy  or  inco-ordination, 
or  both.  They  are  seldom  absent  in  acute  casea.  The  pronounced 
symptoms  of  the  disease  may  resemble  in  character  those  priKluced 
by  the  inflammation  of  single  nerves,  differing  only  in  distribution, 
and  involving  all  the  functions  of  the  affected  nerves ;  this  is  often 
the  case  when  the  malady  is  acute  In  onset.  But  when  chronic, 
as  already  stated,  the  fibres  may  be  affected  aooording  to  tht'ir 
fpedflc  function,  and  to  this  the  symptoms  are  then  limited,  so  that 
(hey   resemble  those  that  are  ascribed  to  a  disturbance  of  spc 
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of  the  tpinal  cord,  rather  than  those  of  an  affection  of 


^Om  motor  form  inrolvei  either  tho  upper  or  lower  limbs  or  both, 
hot  alwmjs  the  oorretponding  limbs  on  both  sides,  and  their  distal 
I,  the  hand§  or  the  feet,  first  and  chieflj.*      Whichever 
or  legs*  present  the  first   sjmptoms,  suffer  in   greater 
I  degree  Ikroughoat,  and  it  maj  be  alone.     The  feet  suffer  more  fre- 
I  ^MDtly  than  the  hands ;  motor  symptoms  maj  exist  in  the  lege,  and 
L^^f  aouovj  BTrnptoms  in  the  hands,  and  this  when  the  weakness  in 
^^^logs  is  extreme.     In  whatever  part  the  affection  occurs,  rarioiis 
^Hftonr  disturbanoes*  and  eepeciallj  pains,  commonly   precede  the 
veakneet,  and  increase  with  it.     They  are  accompanied  by  tendemeu* 
^jpBUCially  aiong  the  nerve-trunks,  but  almost  inyariably  in  the  mus- 
Wm^  nad  eomettmee  of  the  skin.     These  pains   may  occur  in  the 
^Hfct  that  do  not  become  paralysed  if  the  action  of  the  cause  can 
^Wmrrested.     Although  loss  of  power  is  the  obtrusive  feature,  some 
loai  of  oo-ordination  generally  aooompanies  it,  and  is  often  the  means 
I  hf  wkieli  the  attention  of  the  patient  ia  first  directed  to  the  com- 
disalnlitT,     He  finds  a  difficulty  in  balancing  when  standing, 
in   performing   the  finer   movements   with   his  fingers;   and  hia 
being  ihoa  drawn  to  the  part,  he  finds,  on  further  invcstiga- 
there  ia  some  actual  defect  in  the  power  of  extending  the 
and  fingers,  or  in  raising  the  toes  or  foot  from  the  ground  during 
Nirward  movement  of  the  foot  in  walking.      Tremor  is  often  con- 
in  alooholic  cases  long  before  the  loss  of  power.      Whenever 
is  weakness  in  the  leg  the  knee-jerk  can  no  longer  be  obtained, 
because  the  afferent  muscle- nerves  suffer  more  widely  than 
m.      The  constancy  of  this  loss  is  very  great,  and  it  is 
tirisled  to  any  one  class  of  symptoms,  but  occiirs  equally  in  the 
l^niljtjc  and  ataxic  forms  of  neuritis.     At  the  same  time  it  is  not 
ataointe ;  the  knee-jerk  seems  to  persist  in  very  rare  cases  of  slight 
i  mentioned  on  p.  160. 

the  first  symptoms  are  in  the  legs,  the  first  motor  loss  is 

iamhility  to  raise  the  toes  from  the  ground  in  walking,  owing  to 

fli*xion  of  the  ankle-joint  and  extension  of  the  toes.     But 

•fmplom  may  be  to  a  large  extent  obs4:ured  by  the  interference 

i  ■uwnignt  occasioned  by  the  tt/iidernees  of  the  muscles  and  the 

of  the  skin,  which  commonly  coexist  and  prevent  the 

ol   the  amount  of  power  that   is  possessed.     There  is  a 

Ua  the  nerves  of  the  sole  and  the  palm  of  the  hand  to  be 

\j  intolved  in   the  hvix-nettthe^ia — in  obedience  to  a  law  of 

susceptibility  which  is  to  be  traced  not  infrequently  in 

Itts,  espei'ially  in  the  tabetic,  diphtheritic,  and  toxiemic  forms. 

offsets  of  the  NouiRiry  irritation  may  render  it  difficult  to  deter- 

^  oommon  course  of  the  motor  weakness,  the  order  in  which  the 

*  Tbs  wwrf  viriiHi4  ttmiiLAint  of  the  di««m*e  are  well  illuttrMted  by  ntt  tnstracttvn 
nf  MM«  trtiki;a)i«^i  hv  Dr    Bnzxard.  *  Par&lviis  from  Peripbcfrml  K«arittR,'  1686. 
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musdea  suffer,  and  the  relative  degree  of  their  impairment  at  different 
f  eriodg,  Tlie  cuaspicuous  fact  is  that  the  muscles  first  to  suiter  are 
those  supplied  from  the  external  popliteal  nerve  (anterior  tibial  group), 
and  these  are  f  oDowed  by  other  muscles  below  the  knee,  except  in  the 
verj  rare  instances  in  which  palsy  does  not  spread  beyond  the  muscles 
first  affected.  The  musclea  above  the  knee  suffer  later  and  less,  and 
more  fntiut'iitly  escape  considerable  impairment.  The  flexors  of  the 
knee,  although  supphed  by  the  sciatic  nerre,  do  not  suffer  more  than 
the  extensors,  or  more  frequently,  so  far  Eua  the  tenderness  pennita  us 
to  judge.  Least  frequently  and  in  least  deg^ree  the  muscles  suffer  that 
move  the  hip-jolnt  j  it  is  only  in  the  most  severe  cases  that  these  are 
appreciably  affected.  Very  rarely  is  the  innervation  of  the  bladder  or 
rectum  involved  in  the  disturbance  of  polyneuritis.  laterfcrence  with 
these  functions  may  g^oiierally  be  regarded  as  evidence  that  the  morbid 
changes  ar«  not  limited  to  the  nerves,  but  involve  the  spinal  cord 
itself. 

In  the  arms,  the  first  and  chief  defect  in  power  is  in  the  extensors 
of  the  wrist  and  fingers.  Both  arms  are  affected  together  or  in  quick 
succession^ — one  never  suffers  alone  in  considerable  degree.  Thus 
the  palsy  resembles  at  first,  and  sometimes  throughout,  that  which  ia 
familiar  as  the  effect  of  lead  poisoning.  The  resemblance  may  extend 
to  the  escape  of  the  erteosor  of  the  metacarpal  bone  of  the  thumb, 
and  of  the  supinator  longus.  Lead  palsy,  indeed,  is  an  example  of 
peripheral  neuritis  of  the  '*  toxic  form,"  and  differs  from  the  general 
form  in  the  limitation  of  even  sever©  palsy.  It  seems  that  the  radial 
nerve  (of  the  muscnlo-spiral)  is  that  which,  in  the  upper  Mmba,  is 
the  most  prone  to  suffer — ^a  fact  which  is  at  present  unexplained.  It 
probably  depends  not  on  any  peculiarity  of  position,  but  on  some 
deeper  lurictional  relation  and  position  among  the  nerves  of  the  body, 
sine©  it  obtains  when  the  affection  is  of  the  peripheral  extremities  of 
the  fibres  and  does  not  involve  all  the  fibres  of  the  nerve.  The  radial 
nerve  is  homologous  with  that  in  the  leg  of  which  the  fibres  are  the 
fii-st  to  suffer— the  peroneal,  ^regarding  which  the  same  facts  are  true. 

It  is  only  in  the  cases  due  to  metallic  poisons  that  the  palsy  becomes 
considerable  without  spreading  to  other  muscles.  Generally  the  flexors 
of  the  wrist  and  fingers  become  weak,  and  so  do  the  interossei,  while 
the  last  to  suffer  are  the  thenar  and  hypothenar  muscles.  It  is  rare 
for  the  palsy  of  any  muscles  except  the  extensors  to  be  complete.  In 
more  severe  degree  the  muscles  above  the  elbow  suffer,  last  and  least 
those  of  the  shoulder.  The  muscles  below  the  elbow  may  be  almost 
powerless  when  those  above  it  are  scarcely  affected. 

In  severe  cases  the  trunk  muscles  are  involved — the  diaphragm, 
and  the  muscles  of  the  thorax  and  abdomen.  Less  rarely,  but  also 
only  in  severe  fonna,  increased  frequency  of  the  pulse  and  palsy  of 
the  Ttfcal  cords  indicate  that  the  fibres  of  the  vagus  are  suffering. 
Tery  seldom  the  facial  muscles,  or  those  of  the  tongue,  are  involved. 
Alleotian  of  the  motor  ocidar  nerves  and  of  the  pupils  has  been  met 
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with  only  in  the  most  severe  cases,  and  chiefly  in  those  due  to  toxaemia. 
Slight  nystagmus  is  common.  The  neirea  of  the  pharynx  and  alimen- 
tary Tiflcera  seem  always  to  escape.  It  is  more  doubtful  whether  thia 
18  true  of  the  branches  to  the  lun^. 

Thus  the  sti-esa  of  the  affection  falls  on  the  muscles  of  the  extremities, 
and  those  that  are  affected  first  also  suffer  alone  in  slif^bt  crises,  and 
most  in  those  that  are  severe-  As  they  become  weak,  and  sometimes 
eren  earher,  they  become  tender,  and  this  moBCular  tenderness  usually 
increases  to  an  extreme  degree,  and  becomes  even  more  obtrusive,  in 
many  cases,  than  the  tenderness  of  the  nerres.  The  limb  cannot 
be  grasped,  even  gently,  without  cries  of  pain  being  eliciti'd,  and 
every  change  of  posture  gives  rise  to  distress.  This  is  an  important 
sign,  and  is  no  doubt  due  to  the  fact  that  all  the  nerves  of  the  muscle 
suffer,  the  afferent  as  well  as  the  motor  twigs.  Very  raroly  it  is 
absent.  It  inci-eases  the  pain  of  an  electrical  examination,  and,  after 
a  strong  current  has  been  ap[)Ued.  the  muscles  may  ache  for  hours  - 
a  fact  that  should  inculcate  tjcrupuloua  consideration  in  all  such  pro* 
cedurea. 

The  affected  muscles  quickly  become  flabby  and  waste,  and  their 
prominences  disajjpear.  The  muscular  atTO|:ihy  becomes  extreme  in 
some  instances,  but  the  aspect  of  the  linibs  differs  from  that  in  pro- 
gressive muscular  atrophy  on  account  of  the  partial  distribution  of  the 
affection,  and  because  it  is  only  in  a  few  muscles,  such  as  the  extensors 
of  the  fingers  and  the  interoBsei,  that  the  wasting  is  as  great  as  iu 
that  affection.  Changes  in  the  electrical  excitability  of  the  muscles 
concur  with  these  symptoms ;  they  present  the  reaction  characteristic 
of  nerve  lesions,  described  at  p.  72,  The  faradic  irritability  is 
lost,  and  that  to  voltaisra  is  increased  in  amount,  and  oft^i^n  but  not 
always  altered  in  quality,  in  the  usual  manner.  In  slight  cases, 
however,  increase  in  voltaic  irritability  may  be  trifling,  and  may  be  the 
chief  change.  In  the  nerves  the  irritability  to  both  currents  lessens 
and  is  ultimately  lost.  If  a  case  is  examined  in  the  very  early  stacje, 
the  increased  irritabihty  mentioned  at  p.  76  may  l>e  found,  and  after- 
wards replaced  by  diminution  and  loss.  In  the  most  severe  cases  the 
muscles  most  affected  may  quickly  lose  all  irritabibty,  on  account  of 
the  intensity  of  the  secondary  chaiiices  in  the  mnseular  tissue,  which 
destroys  instead  of  merely  ckaugiiiiir  their  special  structure  and  charae- 
teristic  fuuctions.  Occasionally  the  wasting  is  concealed  by  oedema, 
but  now  and  then  the  size  of  the  muscles  may  be  little  reduced  even 
when  they  are  totally  paralysed,  with  extinction  «>f  faradic  and  great 
reduction  of  voltiiic  irritabUity.  But  the  wasting  is  only  defen*ed,  and 
extreme  atrophy  ultimately  occurs.  In  such  cases  there  is  probal4v  a 
rapid  fatty  degeneration  of  the  muscles,  and  the  fat  accumulates  Ix*;  we  a 
the  fibres  so  as  to  maintain,  for  a  time,  the  bulk  of  the  muscle*  An 
extremely  rare  alteration  is  the  preservation  of  some  voltaic  irritability 
in  the  nerves  as  well  as  in  the  muscles,  faradic  irritability  being  lost  iu 
both. 
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As  in  otter  casefl  of  unequal  palsy,  the  less  affe<jte<i  muscles  of  the 
limbs  are  apt  to  undergo  contracture  and  shortening,  especially  when 
the  palsy  causes  the  part  to  assume  habitually  a  certain  position 
under  the  iufluence  of  gravitation,  or  a  certain  posture  is  adopted 
by  the  patient  in  order  to  lessen  pain.  These  contracbires  occur 
chiefly  in  the  lower  limbs.  The  foot-drop  shown  in  Fig.  58  is  especinUj 
frequent,  from  the  palsy  of  the  flexors  permitting  the  foot  to  fall  as 
the  patient  lies  in  bed^  under  the  influence  of  gravitation  and  of  the 
unopposed  extensors.  The  effect  of  posture  is  seen  in  the  contraottou 
of  the  flexors  of  the  knee>  which  may  be  fixed  at  a  right  angle,  and  to 
a  less  degree  of  those  of  the  hip,  on  accoimt  of  habitual  flexion  of 
these  joints  to  escape  the  pain  occasioned  when  the  parta  are  put  on 
the  stretch  in  the  extension  of  the  limb. 

The  affection  of  the  sensory  nerves  of  the  skin  Is  sometimefi  absent ; 
more  often  it  is  conjoined  with  that  of  the  motor  nerves,  and  some- 
times only  with  that  of  the  sensory  muscle-nerves.  It  very  seldom 
exists  alone.  Its  first  manifestation  is  the  tingling  and  other  sub* 
jective  sensations  already  mentioned,  to  which  is  soon  added  the 
hyperaBstheeia  which  is  often  so  troublesome  throughout  the  disease. 
Sensory  disturbance  is  usually  more  extensive  than  the  motor  ]jal»y, 
but  is  greatest  at  the  most  affected  parts,  the  extremities  of  the  limbs. 
Except  in  slight  caseSf  the  dams^  to  the  sensory  fibres  becomes  euffi- 
cknt  to  lesM*^n  the  sensibility  of  the  skin  to  touch.  A  faint  touch 
may  be  unfelt  while  over-sensitiveness  to  pain  continues,  and  is  even 
so  intense  that  a  strong  touch  nmy  cause  distress.  Baiiely,  as  I  have 
twice  seen,  stmsibility  to  pain  is  lost,  that  to  touch  being  preserved. 
The  temperature  sense  is  usually  normal.  These  sensory  changes  are 
firat  developed  on  the  extremities,  sometimes  on  the  palma  and  soles ; 
they  may  even  be  still  more  local,  and  only  considerable  on  the  tips 
of  the  fingers,  or  the  hyperesthesia  may  be  chiefly  under  the  nails. 
Spontaneous  pains  accompany  the  hypersesthesia,  duU,  or  acute,  or 
"  burning "  in  character,  referred  to  the  deeper  parts  of  the  limb,  or 
the  uerve-truiiks,  or  the  joints,  and  increased  or  excited  by  any 
atteini>t  at  movement.  The  pain  referred  to  the  joints  may  be  really 
in  them,  especially  in  the  gouty,  or  it  may  be  in  the  nerves  that  pass 
by  the  joints  and  are  disturbed  mechanically  by  their  movement. 
The  sensory  change  increases  in  area  as  the  disease  develops,  and 
usually  extends  first  up  the  outer  side  of  the  leg  and  the  radial  side  of 
the  forearm*  Although  sensibility  to  pain  is  seldom  lost,  the  con?* 
duction  of  pain  is  delayed  in  some  cases. 

In  the  ataxic  form,  inco- ordination  is  the  chief  symptom*  and  it 
may  accompany  the  onset  of  muscular  weakness  in  the  motor  form. 
It  is  usua^Uy  accompanied  by  muscular  tenderness,  and  exists  with  or 
without  the  affection  of  cutaneous  sensibility  just  described.  It  pjx>- 
bably  depends  on  changes  in  the  afferent  muscle-nerves,  the  impres- 
sions  from  which  are  chiefly  concerned  in  the  process  of  co-ordina*tion 
(see  Spinal  Cord,  Functions).      The  implication  of  these  nerves  is 
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bKowh  bj  the  muBcular  tendomeM  that  is  so  marked  a  feature.  The 
inco-ordination  in  these  casee  refl^nbles  closely  that  which  exists  m 
tabes,  and  the  knee-jerk  is  lost  as  in  that  difteaee,  while  the  frequent 
occurrenoe  of  pains  in  the  limbs  increases  the  reseDiblaace.  Hence 
the  form  in  which  this  symptom  is  predominant  has  been  caiHed  pseudo- 
iaheg,  often  with  the  prefix  alcoholic,  from  the  fai-t  that  this  is  its  most 
frequent  cause.  It  has,  however,  also  been  met  with  fvojn  arsenical 
poisoning.  The  ataxy  may  involve  the  arms  or  the  legs,  but  is  most 
frequent  in  the  latter.  It  never  reaches  the  degree  met  with  in  advanced 
tabes,  probably  because  very  extensive  and  intense  damage  to  the 
muscle-nerves  only  occurs  when  the  toxic  cause  is  intense ;  its  effect 
tbea  ifl  not  limited  to  a  single  set  of  nerves^  but,  involving  the  motor 
also,  produces  a  loss  of  power,  before  which  the  inco-ordination 
oeaees  to  be  prominent,  if  it  does  not  of  necessity  di8ap[>ear.  The 
general  law  that  limitation  needs  chronicity  of  course  and  moderation 
of  degree  holda  good  in  these  cases  on  the  sensory  as  well  as  on  the 
motor  side.  When  the  inco -ordination  is  the  prominent  symptom  the 
disturbance  of  sensory  nerves  is  slight,  and  if  there  is  extreme 
byperffistheaia  and  much  loss  of  sensation  there  is  usually  also  motor 
palsy ;  and  thus  this  ataxic  form  is  not  commonly  accompanied  by  the 
intense  sensory  disturbance  of  the  complete  and  characteristic  cases. 
Sensory  loss,  chiefly  to  touch,  is,  however,  occasionally  met  with  in 
chronic  c&Be%  of  the  ataxic  typo.  The  resemblance  to  tabes  is  then 
still  greater.  The  distinction  is  considered  iu  the  section  on  Dia- 
gnosis. 

Tenderness  of  the  nerve-trunks  in  the  region  of  whose  supply  the 
symptoms  are  greatest  is  a  Ycry  common  symptom,  although  not 
always  readily  recognised,  because  they  are  only  more  tender  tlian  the 
adjacent  structures,  and  the  degree  of  difference  may  seem  not  great 
when  all  the  parts  are  extremely  sensitiva  It  is  less  frequently  a 
marked  symptom  than  the  tenderness  of  the  muscles,  and  must 
depend  (since  the  pain  is  felt  at  the  spot)  on  the  involvement  of  the 
nerves  of  the  sheath.  It  is  only  in  very  rare  cases,  chiefly  of  irre- 
gular adventitial  neuritis,  that  any  swelling  of  accessible  nerves  can 
be  distinguished. 

Befiex  action  from  the  skin  varies  much  in  its  condition.  In  cases 
with  hyperassthesia  it  is  often  increased,  even  when  there  is  considerable 
motor  palsy;  the  muscles  that  escape  cause  the  movement,  and  the 
impression  that  reaches  the  reflex  centre  is  doubtless  increased  in 
degree  just  as  is  that  part  of  it  which  reaches  the  brain  and  is  felt 
as  increased  sensation.  But  in  severe  cases,  with  extensive  loss  of 
power  and  sensation,  the  sMn-reflei  may  be  lost.  The  loss  may  be 
observed  to  coincide  with  an  increase  in  the  other  symptoms,  and 
generally  to  be  related  to  loss  of  sensibility  to  touch  with  extensive 
motor  palsy ;  it  may,  however,  be  lost  when  sensation  is  perfect  Occa- 
lionally  it  is  lost  out  of  proportion  to  the  other  symptoms,  motor 
or  sensory.     The  muscle-reflex  action   (my otatic  irritability),  as  we 
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lo«t    Althaugh  the  knee-jerk 

(Dt-jerioe),  its  persistence 

ii^eads  on  the  escape  of  at  least 

depends.     Poaaihly,  however, 

m.  ibe  eadj  stages  of  the  disease 

<tf  the  wssrvm  on  whicli  it  depends. 

Id  the  bjperBBsthesia,     I  have  more 

af  alight  sensory  neuritis  (e.  g, 

«ti«esiheaia  on  the  soles),  and  in 

m  Ibt  4tt9Wt«  progressed.     On  the  other 

is  scarcely  any  appreciable  weakness 

some  tenderness  of  these  muscles 
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oases — in  the  nails,  skin,  and 
of  orilmnTy  neuritis  j  glossy  skin, 
bein^  the  most  oommon.     Bedsores 
iiSI  mil  established,  but  not  altogether  easy  to 
inay  present  disturhanee  of  function, 
I  oommon,  espeoiallj  in  cases  that  are 
or  impaired  function  of  the  kidneys 
It  occars  about  the  ankles,  back  of 
about  the  wrist  and  back  of  the  hand. 
alcoholic  case  the  legs  and  back  were 
fafftwny   Q&dema,   pitting  very   slowly,  and 
.^  «f  the  skin  in   the  depending   parts,  which 
^  c^>llMkr  on   pressure.     In  this  case  endocarditis 
%^  vvitrs0  of  the  malady.     In  one   recorded  case 
i^ufy  awr  the  nerve-trunks  in  the  neighbourhood 
r^|llto9»  iki  vlubb  the  moreuient  of  the  limbs  especially 
'^l^  ii^t^^jibr^f»'Pt$  of  the  tmnks,  to  which  the  vaso-motor 
I J,'^i,"#  ^  f^  ***  jwbably  related.     Indt*ed,  it  is  common  for 
!^^^^  ^  ^  WNKA^I  aWut  the  joints  when  it  is  not  elsewhere,  and 
^,    %i  Wi>  «l|^laiiatii>n>     Pain   in   the   joints  and  even  some 
^^  ^  -^  ^fc^**^  IftW  ^Oft^i  observed,  especially  in  association  with 
^.  ^ij^^im^  Wl  it  ii  perhaps  more  often  gouty*  than  rheumatic 
%MMHkVii^^  its  significance  as  to  the  "rheumatic"  nature 
";  W^^SM^  ^^^^  ^  looked  on  with  some  suspicion.    It  may 
s  4*J^  ^  vv*\i\i  of  the  disease  of  the  nerves,  since  chronic 

14  llbi  Jq^I«  ofUsn  take  place  just  as  they  do  in  the  inflam- 
u  i  ^feniW  *•*■»««•     It  is  especially  common  in  the  finger- joints 

^  ,,   i*i,  but  it  occurs  also  in  the  shoulder  and  Imee,  less 

u,  'wJ  AiK^yf,  wid  in  the  joints  of  the  leg  other  than  the 

^1^  *  |Ukiii  on  movement  and  thickening  about  the  joint, 

^^K^^^«%  UwiiUtiou  of  movement.     It  is  a  troublesome  effect  of 
4^^9E^  Wk^UM  it  interferes  with  movement  when  power  returns. 
•  \cul*  firn^  ^  «*'*••  ^  remembered,  iomctimes  attacks  the  larger  joints  with  or 
Is  iiM^l  U^  ItMJiAsr  oiiS%  i>nd  may  closely  reaemble  an  attack  of  rlieumatic  fever. 
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There  is  mucli  more  tendency  to  it  in  some  cases  tlian  in  others,  and  it 
may  be  so  extensive  as  permanently  to  cripple  the  sufferer.*  The 
adhesions  commonly  re-form,  after  they  have  been  forcibly  broken 
down. 

The  symptoraa  are  wide- spread  in  proportion  to  the  acuteness  and 
intensity  of  the  malady,  but  differ  in  these  respects  also  according 
to  its  cause.  The  effect  of  metaUlc  poisons  is  nsnally  limited  and 
confined  to  the  arms,  as  in  lead  palsy*  In  alcoholism  all  the  limbs 
are  often  affected,  but  the  arms  escape  more  often  than  the  legs. 
From  malaria  the  legs  usually  suffer  alone ;  such  cases  are  considered 
at  p.  185.  In  cases  with  complex  causation  a  general  parenchymatous 
neuritis  may  be  accompanied  by  a  preponderant  adventitial  inflam- 
mation of  some  one  nerve,  as  the  facial  or  sciatic.  The  cases  with 
most  widely  distributed  symptoms  are  those  that  result  from  obscure 
toisemic  states,  from  cold,  and  from  alcoholism.  It  is  in  these,  and 
especially  in  the  firat,  that  the  nerrea  of  the  heart,  larynx,  and  of  the 
musdes  of  respiration  most  frequently  suffer.  When  the  laryngeal 
nenres  suffer  it  is  usual  for  both  adduction  and  abduction  of  the 
Tocal  cords  to  be  weakened,  seldom  one  movement  only.  The  optic 
nerves  have  been  affected  only  in  rare  cases  with  considerable  blood- 
change.  In  the  case  mentioued  on  p.  160  (in  which  there  was  brawny 
oedema  and  endocarditis)  there  was  slight  optic  neuritis  and  a  diffuse 
QBdematous  retinitis.f  The  face  has  also  been  affected  on  both  sides 
in  some  of  the  cases  due  to  exposure  to  cold,  and  also,  usually  in 
slight  degree,  lq  some  toxfemic  cases;  it  seems  always  to  escape  in 
cases  due  simply  to  alcohoL  The  sphincters  almost  always  escape; 
a  alight  impairment  of  function  has  indeed  been  met  with  in  a  few 
very  severe  cases  of  probably  pure  polyneuritis,  but  their  affection, 
as  already  stated,  uaually  indicates  an  impHcation  of  the  spinal  cord* 

The  Course  of  the  affection  m  determined  by  the  same  conditions  as 
influence  its  intensity,  and  by  the  extent  to  which  the  cause  is  under 
control.  The  more  severe  and  acute  the  symptoms,  the  wider  is  their 
range  and  the  longer  is  their  duration.  Very  commonly  the  symptoms 
increase  during  three  to  six  weeks,  then  become  stationary  (if  the  cause 
is  stopped),  and  after  one  or  two  months  slowly  improve.  The  first 
sign  of  improvement  is  a  diminution  in  the  pain  and  hypersesthesia, 
but  the  tenderness  of  the  muscles  and  the  nerve-pains  on  movement 
often  continue  lon^  after  the  spontaneous  pains  have  ceased.  If 
tingHng,  Ac,  ceased  as  the  disease  advanced^  their  return  may  herald 
improvement.  Power  slowly  returns,  first  in  the  muscles  affected  last 
and  least,  and  afterwards  in  those  paralysed  and  wasted  tn  greater 
degree.  In  these  the  weakness  lasts  for  many  months,  and  shortening 
of  the  opponents  of  the  most  affected  muscles  is  apt  to  occur.  The 
contracture  of  the  calf  muscles,  secondary  to  palsy  of  the  flexors  of  the 
ankle,  constitutes  a  grave  hindrance  to  the  use  of  the  legs  in  atonding 

•  Afl  in  »  caae  recorder!  by  T«ylor,  'Qu/b  Hfap,  Rap,*  1888. 
t  Tlje  chaug«i)  are  dotcribeii  bj  Edmundt  and  L*wf ord/ Trant.  Opb  Soc„*ij:,187. 
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and  waiking.  Tlie  patient  cannot  ^t  the  sole  and  heel  on  the  gjound 
80  as  to  afiford  a  unifoj-m  base  of  support.,  and  keep  liis  body  upright 
80  as  to  balance  it.  But  this  contniL'tiire  invariablj  yields  to  persistent 
effort^a  to  walk.  The  palsy  of  the  arms  lasts  longtT  tliaii  that  of  the 
legs,  or  uitte  versti,  according  as  the  one  or  other  suffers  most.  The 
excess  of  impairmeut  of  the  muacles  most  ali'tMited  is  often  very  con- 
spicuous during  recovery.  Improvement  goes  on  for  a  long  time, 
generally  until  recovery  is  perfect,  but  very  rarely  there  ia  some  per- 
manent loss  of  power.  It  is  remarkable,  however,  iiow  almost  complete 
a  i-ecovt^ry  imiy  take  place,  even  after  the  panilvisis  has  been  consider* 
aiile  for  a  year,  The  wasting  lessens  and  power  returns ;  latest  where 
there  is  most  loss  of  irritabihty,  and  usually  later  in  the  small  muscles 
of  the  hand  than  in  the  muscles  of  the  forearm.  Relapses  are  apt  to 
occur,  but  only  wheo  the  cause  of  the  neuritis  ia  still  in  operation  in 
some  degree,  or  when  the  patient  is  again  exposed  to  it  or  to  some 
adjuvant  cause,  such  as  cold. 

But  the  malady  sometimes  runs  a  very  acute  coui-se,  especially  in 
the  cases  due  to  toxamia  or  to  cold,  so  that  all  parts  of  the  hmbs  have 
become  weak  and  the  extremities  powerless  by  the  end  of  seven  or  ten 
days,  and  tbe  involvement  of  the  nerves  of  the  ri'S|jiratory  muscles 
may  bring  life  t^o  an  end  within  a  fortnight,  sometimes  even  within  a 
week.  In  this  form  there  may  be  severe  initial  pain,  not  specially 
re!al4*d  to  the  regions  afterwards  affiK^ted.  In  one  case  it  was  severe  in 
the  back,  in  another  across  the  abdomen.  It  is  probably  a  direct 
eflEect  of  the  bluoil-sitate,  distinct  from  its  influeuce  on  the  peri|>heral 
nerves.  Such  cases  bear  considerable  resemblance  to  those  of  *'  acute 
ascending  paralysis  **  in  their  course — diffeiing,  however,  in  the  tact 
that  the  ascension  is  up  the  limbs  rather  than  up  the  genenil  frame. 
Sometimes,  on  the  other  hand,  the  disease  presents  a  course  far  more 
chronic  than  that  describe  1  above,  and  occupies  many  months  in  its 
development  and  jirogress.  This  is  often  the  case  with  the  limitei 
alcoholic  forma,  esi^icially  the  ataxic  variety,  '*  paeudo-tabt*s,'*  and  with 
cases  in  which  the  toxic  agent  is  absorbed  from  without  very  slowly, 
and  its  effect  accumulates  gradually,  as  in  some  cases  of  chronic 
arsenical  poisoning.  Slight  cases,  again,  treated  promptly  have  been 
known  to  recover  in  a  month. 

The  teim»erature,  usually  raised  in  an  acuta  onset  (see  p*  154),  may 
be  normal  in  chronic  cases,  with  or  without  an  occasional  rise,  or  may 
1)6  slightly  raised  during  the  chief  part  of  the  cx>ur8e  of  the  disease. 
A  persistent  considerable  elevation  suggests  some  complication,  such 
as  pbtldsis,  and  should  ItMid  to  careful  and  reix-ated  examination  of 
the  lungs.  It  may  also  indicate  a  fwi'sistence  of  tc>xfiemia,  other  indi- 
cations of  which  are  mentioned  among  the  comphcations  of  the  f lisease. 

The  Cause  »/  Death  in  acute  cases  is  often  palsy  of  the  respiratory 
muscles,  sometimes  aided  by  a  catarrhal  bronchitis,  or  paralysis  of  the 
heart  when  the  vagus  is  affected;  in  more  chronic  cases  it  may  lie 
caused  by  exhiLUstiuUi  due  to  chixjuic  gastric  derangement  and  thti 
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wearying  effects  of  prolonged  suffering,  or  tli©  effects  of  diaeaae  of  the 
spinal  cord.  Pneumonia  frequently  causes  death  in  the  acute  forms, 
and  in  alcoholic  subjects  the  inflammation  of  the  lung^  so  often  runs 
a  low  cx>ur9e,  with  extensive  consolirlation,  sometimeB  bilateral  and 
unusual  in  seat  (as  in  the  middle  lobe  and  central  portions  of  the 
lung),  that  it  is  difficult  to  avoid  the  suspicion  that  its  form  and  course 
aje  determined  by  coincident  neuritis  of  the  pulmooarj  branches  of  the 
Tascus,  either  primary  or  secondary  to  the  Inflammation  of  the  lung. 
Death  may  result  unexpectedly  from  cardiac  failure  when  no  preceding 
symptoms  have  suggested  an  affection  of  the  cardiac  nerves,  and  in 
Kuch  cases  there  is  generaUy  a  coincident  degeneration  of  the  walls  of 
the  heart.  Fatal  ueimtis  of  the  vagus,  however,  may  occur  very  early 
in  relapses.  Other  coincident  effects  of  chronic  alcoholism  are  frequent 
causes  of  a  fatal  issue,  such  as  cirrhosis  of  the  Ever,  gastric  troubles, 
and  chronic  cerebral  meningitis  in  cases  of  alcohoHsm,  or  acetoniemia 
in  cases  of  diabetic  polyneuritis.  Various  morbid  blood- states,  causing 
the  neuritis,  may  continue  and  cause  death.  Lastly,  phthiaia  is  a  fre- 
quent cause  of  death,  and  probably  varies  in  the  relation  it  bears  to 
the  neuritis,  sometimes  being  its  consequence,  and  sometimes  appa- 
rently a  coincident  effect  of  some  obsouie  cause. 

CoMPi.1  CATIONS. — The  chief  of  these  have  been  just  enumerated  in 
the  list  of  the  causes  of  death.  The  most  important  in  alcoholic  cases 
are  the  effects  of  alcohol  on  various  organs  and  tissues,  especially  on 
the  liver,  heart,  and  spinal  cord.  It  is  very  common  to  find  the  Ever 
enlarged,  sometimes  very  large ;  less  commonly  it  is  contmct4f^d.  The 
enlarged  liver  may  be  either  fatty  or  fibroid.  Ascites  and  other  effects 
of  portal  obstruction  are  much  less  fretiuent  compHcations  than  might 
be  expected,  perhaps  because  it  is  rare  to  have  much  contraction  of  the 
new  tissue  in  the  liver.  The  kidneys  also  are  often  diseased.  Oastric 
catarrh  with  its  varied  symptoms,  morning  vomiting,  anoreiia,  and  the 
lite,  is  very  common.  So  also  are  the  several  effects  of  gout  due  to 
the  alcoholism  or  to  metallic  poisons  when  these  have  been  the  cause 
of  the  neuritis  (as  lead,  or,  as  in  one  case  under  my  notice,  silver). 
On  the  part  of  the  nervous  system  there  may  be  various  subacute  and 
chronic  forms  of  inflammation  of  the  substance  of  the  spinal  cord  or  of 
its  membranes,  the  common  manifestations  of  which  are  to  a  large  ex- 
tent prevented  by  the  affection  of  the  nerves.  The  most  important,  the 
trunk  girdle- pains  and  the  affection  of  the  sphincters^  are  further  con* 
sidered  in  the  section  on  Biagnoais.  Chronic  cerebi-al  meningitis  is  also 
common,  and  usually  fails  to  produce  its  common  manifestation,  pain, 
even  when  marked  and  extensive  opacity  of  the  membranes  and  increase 
of  fiuid  are  found  after  deatK  It  usually  causes  some  chronic  mental 
disturbance,  often  alight  optic  neuritis,  and  sometimes  general  convul- 
sions. But  mental  change  is  also  common  as  a  direct  effect  of  the 
alcohol  on  the  brain ;  distinct  delirium  tremens  often  coincides  with  the 
unset  of  the  neuritis.  In  most  alcoholic  cases,  indeed,  the  me"'.tal  state 
is  unnatural  i  the  patient  is  irritable,  intolerant  of  pain,  and  deficient  in 
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IW  MULTIPLE   NEUUITIS. 

•ell-OOiltroL  Yarious  manifestationB  of  hysteria  occur  in  women,  ami 
a  poculuir  chi'disli  jocularity  is  sufficiently  common  to  deserve  special 
VIMtioii.  The  craving  for  witlibeld  stimulants  increases  the  irritability, 
Mkdw  in  the  CAS6  of  woDien,  jji-evious  training  in  duplicity  in  order  to 
obtain  *lcH>hol  has  uaually  induced  a  general  deterioration  of  the  moral 
••atdk  which  has  results  that  startle  tho^e  who  have  been  successfully 
d  ^xtiTwl.  Moutal  change  is  for  the  most  part  absent  in  the  cases  due 
U»  tHvld  (aave  in  some  in  which  there  is  an  intense  blood-change) »  and 
in  thoM<  |»roduoed  by  metallic  poisoning;  but  it  occurs  frequently  in 
Uixitnnio  04WM)«,  generally  in  the  form  of  simple  delirium,  and  is  appa- 
rttutly  due  to  a  simultaneous  action  of  the  morbid  agent  on  the  cells  of 
thi'  \»ni.in.  A  persistent  morbid  blood- state  may  cause  endocarditis 
and  t>llu'r  consequeQces. 

Plithiais  is  alno  a  very  frequent  complication;  its  double  relation  fo 
tht*  uouritiB  has  been  already  mentione<i.  The  form  of  lung  disease 
mot  with  in  neuritis  presents  no  special  peculiarities^  except  that  low 
pivtnimonir^  changes  play  a  considerable  i>art  in  the  morbid  process. 
Arul4^  pUi'umonia  is  also  common,  and  in  the  cases  in  which  it  doea 
cunmr  almost  always  fatal. 

Pathot.ooical  Anjltomt. — The  changes  in  the  nerves  correspond  to 
thorns  already  described  in  the  account  of  neuritis,  with  the  exception 
that  Ihii  chief  changes  of  iBolatt,*d  neuritis  are  in  the  connective  tissue, 
mid  t*Hpecially  in  the  sheath;  and  those  in  the  nerve-fibres  are  subur- 
dinak^.  In  bila(  eml  neuritiji  the  connective  tissue  presents  very  trifling 
4ihangert.  Some  variations  are  met  with  in  this  respect  ;  when  the  dis- 
Iributinu  of  the  affection  is  not  strictly  symmeti'ical,  the  sheath  and 
iutcTHtitint  tissue  suffer  in  greater  degi-ee  ;  in  proportion  to  the  acute- 
iiiiSB  and  Kyinmetry  of  the  symptoms,  tlie  changes  are  restricted  to  the 
norvc-elements,  and  the  connective  tissue  is  unchanged,  but  in  some 
oaMei  both  the  connective  tissue  and  nerve-fibres  are  involved,  &8  in 
Ftg,  59.  This  is  also  the  condition  when  there  is  acute  inflamma- 
tion Bprca<liug  from  the  one  constituent  to  the  other,  as  in  the  case 
of  fatal  septica^mic  neuritis  recorded  by  IJ^jth  {sw  p.  liB).  In  the  vast 
majority  the  nerve-elements  are  affected  chiefly  or  even  exclusively; 
the  <\hanges  are  essentially  **  parenchymatous. "  It  is  remarkable, 
indeed*  how  slight  is  the  affection  of  the  connective  tissue  and  sheath, 
c^eu  in  nfi'vc'trunks  that  have  bci?u  extremely  tender.  Hence  it  is 
probable  that  this  teuderii(*ss  is  often  due  to  changes  in  the  nerves  of 
the  sheath,  the  **  nervi  nervonmi,"  similar  to  that  which  the  proper 
C4>nducting  fibres  of  the  nerve  undergo,  rather  than  to  an  inflammation 
of  the  connective  tisBue  itself. 

Kaked-eye  changes  are  present  only  when  the  connective  tissue  and 
sheath  are  inflamed  in  consideraljle  degree.  In  recent  and  acuto  cases 
of  this  character  the  nerves  may  be  found  reddened,  swollen,  and 
sometimes  small  hnemorrhagtvs  are  visible.  In  older  cases  they  may  or 
may  not  be  swollen,  but  are  usually  softened,  and  even  pulpy.     Wliea 
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the  chftogei  iro  oonfined  to  the  nerr^fibres,  dimimslied  consistence 
mskj  be  the  only  alteAtion  tliat  can  be  reoogniwd  on  simple  examuia- 
taoa ;  and  often  tliis  is  absent,  and  the  nerres  appear  nonnal  on  external 
exandnation,  eren  when  their  fibres  are  extensirelr  disintegrated. 
Sometinies  under  a  low  magnifring  power  a  section  of  the  nerre  haa  a 
nuyttled  aspect,  dae  to  the  irregular  destruction  of  the  fibres. 

When  the  connectiTe  tissue  is  involTed  the  microscope  shows  the 
■heath  to  be  infiltrated  with  lymphoid  cells,  and  in  old  cases  manj 
spindle-cells  and  fibres  increase  the  bulk.  The  tame  changes  maj  bo 
traced  in  the  septa  between  the  fasciculi,  and  in  the  seoondarr  sheaths 
that  surround  the  latter.  The  walls  of  the  vessels  are  also  thickened 
(Fig.  5d,  a).  When  mere  acuteness  of  parenchimatous  neuritis  causes 
the  connectiTe  tissue  to  be  inflamed,  the  interstitial  tissue  and  inner 
part  of  the  sheath  are  chieflj  affected,  and  an  amorphous  "exudation  '* 
may  be  found  in  these  situations.  But  the  fibres  themselves  always 
suffer  in  conspicuous  degree ;  and  in  the  majorify,  as  in  the  case  from 
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FlO.  69. — Mnltiy  nenntli:  »ertion«   ftaitied  irith  carmm<>  and   rlcnred. 

A*  Trtt«avers«'  sictiiii  of  part  of  Rcmtjc  ntfrve:  low  ipower.  B.  Part  of  h  fn«- 
cicotua  of  sftnie,  more  tiitrhlj  lusgnlfied.  O.  Part  of  m  less  affLH-teU  fusoioulus 
from  A  mnsculo-ftpiml  nerve. 


which  Figs.  59  and  60  are  drawn,  they  suffer  chiefly,  the  interstitial 
tissue  presenting  comparatively  little  change.  In  tliis  case  the  elnuii^es 
were  not  purely  toxic ;  there  was  a  complex  state,  oombininpr  inflamma- 
tion of  the  fibrous  elements  of  the  nerves  with  the  purely  psironchyma- 
tous  change.  The  patient  was  a  woman  aged  thirty-three^  alcoholic; 
the  course  of  the  disease  was  subacute ;  the  Bymptoms  rem^UHl  a 
coiisideraLle  degree  in  a  few  weeks,  and  the  patient  died,  chiefly  from 
coincident  liver  disease,  five  months  after  the  onset.  The  symptoms 
were  characteristic,  and  cx>nfinued  up  to  the  time  of  death.  The 
fibres  present  the  alteration&  met  with  in  all  acul^^  forms  of  neuritis, 
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in  one  region  than  elsewhere,  and  especially  marked  in  the 
coluixms.  Such  alterations  are  most  marked  iu  chronic  cageu 
Ib  wkieh  the  symptomii  have  continued  for  months,  and  especiallj  in 
diotc  dne  to  chronic  alcoholism,  or  in  which  life  has  been  pr<.>Ioug6d  in 
a  ilate  of  diaabilitj. 

DUier  org^LDs  are  often  found  diseased,  and  in  alcoholism  the  lesioDb 
*"— — **™  in  that  disease  are  generally  found  in  some  degree,  especially 
ahomtiona  in  the  lirer  and  kidneys.  The  former  may  ha  large  and 
tfthier  crirrhosed  or  fatty ;  the  kidneys  are  generally  large  and  opaque. 
•ometiiDea  with  fatty  strisB  in  the  cortex.  Pneumonia  is  &ei]nent 
both  in  ihme  and  in  aU  cases  due  to  causes  that  induce  an  intense* 
change  in  the  blood.  In  these  there  may  also  be  enlargement  of  the 
such  as  is  met  with  iu  typhoid  fever  and  septicsemia.  Phthisical 
in  the  longs  are  also  common  in  chronic  cases,  both  in  those 
that  are  due  to  alcohol  and  in  others.  No  special  peculiarity  has  been 
observed  in  the  pulmonary  lesion,  but  it  is  rery  desirable  that  more 
should  be  paid  to  the  state  of  the  nerres  of  the  lungs 
the  diseased  parts.  When  not  otherwise  diseased,  the  lungs 
an  geDoaUy  found  to  be  the  seat  of  terminal  congestion  and  oedema. 
Hie  wmlU  of  the  heart  may  be  degenerated,  and  altei-ations  may  some- 
times be  found  in  its  nerves. 

F^TBOLOOT, — An  outline  of  the  chief  facts  in  the  pathology  of  mul- 
tipkt  aeuritis  has  been  giren  in  the  introductory  section,  and  not  much 
nevailit  to  be  added.  The  relat  ton  of  the  motor  symptoms  to  the  lesion 
of  tlie  iKsmni  has  also  been  described  in  the  general  accotmt  of  diseases 
of  Ilia  aerres,  and  in  the  description  of  isolated  neuritis  ;  all  that  has 
hmtL  aid  of  the  single  form  is  true  also  of  that  which  is  multiple. 
The  wasting  that  accompanies  the  loss  of  power,  and  the  change  in 
oketrical  iiritabiHty,  are  the  same  in  each.  In  each  it  is  true,  more- 
that  the  position  of  the  lesion  in  the  course  of  the  nerve- fibre 
no  difference  to  the  sympt^oms ;  these  are  the  same  whelht-r  the 
ii  in  the  trunk  of  the  nerve,  the  peripheral  fibres*  or  tbf  actual 
idiogB.  The  relation  of  the  ataxy  in  the  pseudo-tabetic  form 
Bfiuritis  of  the  afferent  muacular  nerves  is  pixtved  partly  by 
partly  by  analogy,  since  in  true  tabes  the  lesion  may  be 
to  these;  the  spinal  cord  may  be  free,  and  only  the  peri> 
diseased.  The  evidence  for  this  will  be  described  in  the 
account  of  the  functions  and  symptoms  of  diseases  of  the 
oonL  and  in  the  chapter  on  locomotor  ataxy — a  disease  wMch 
BOt  only  resembks.  but  is  almost  identical  with,  the  pseudo- 
loffa  ol  neuhtis.  The  pains  and  hyperaesthesia  are  explained 
bgr  ^M  fact  that  the  tUscose  of  the  nerves  is  one  in  which  the  nerve- 
fisioa  thf^tnaeives  suffer  primarily,  and  that  on  them  the  cause  must 
hava  •  pffimatj  and  direct  action.*    An  inffuence  which  leads  to  the 

*  la  lbs  flrH  sditiso  X  $agg^ltd  ih«t  ih«  il(;g«tier&tiou  of  •ume  of  the  fibres 
to  thstr  lUniAyts  hy  tut?  intlatumnLioti  of  Lba  ilieatb  aud  tuttfro 
At  MHiis  higber  apoC.    But  this   uaw  •eems  y^ry  oulikelj;  i|  U  fur 
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molecular  destruction  of  the  nerve-fibres  must,  in  destroying  iIjw 
structure,   disturb  gravely  their  function;  and  tbig   disturboiuv  d 
structure  and  of  function  proceeds  in  the  parts  still  connect«?d  wiUi 
the  nerre-oentres,  so   that   the  irritatiTe  influence  of   the  molediilir 
changes  can  act  on  the  wntres  by  the  normii.1  upper  parta  of  tin 
nerves  throughout  the  whole  course  of  the  malady.      It  induces  in  thft 
centres,  as  all  prolonged  pain  does,  an  undue  readiness  of  siction^  i> 
state  of  over-eicitability ;  and  so  we  can  understand  the 
of  the  pains   and  hypersDsthesia,  and  the  fact  that   these 
until   the   process   of   restoration  has   become  definitely 
The  same  considerations  apply  to  the  tenderness  of  the  muscles, 
the  afferent   muscular  nerves   correspond  in  the  direction  of  their 
function  to  the  sensory  nerves  of  the  skin.      In  both  cases  meehanioAl 
infiuences  constitute  the  chief  mode  of  their  normal  stimulation,  sad 
hence  they  may  well  be  morbidly  sensitive  to  such  influences.     Tht 
peripheral  distribution  of  the  changes  indicates,  moreorer.  that  pro- 
bably the  firfcit  to  suffer  are  those  in  which  functional  sosoeplihOity 
is  most  highly  developed— the  actual  endings  of  the  nerves,  and  the 
structures  which  are  especially  adapted  for  the  reception  of  stiBiili 
and  the  production  of  nerve-force. 

We  have  seen  that  two  fstcts  give  us  the  key  to  the  patho1of»y  of 
the  disease  so  £sr  fis  this  is  yet  understood.  One  is  its  symmrtxy ; 
the  other  is  the  fact  that  it  is  commonly  a  disease  of  nerre-ftbres— 
that  those,  and  not  the  connective  tissue,  toe  the  parts  primarily  and 
specially  diseased^  In  all  structures,  in  proportion  to  the  intensity 
and  acuteness  of  the  parenchymatous  affection,  the  interstitial  tissue 
participates  in  the  changes,  and  escapes  in  proportion  to  its  slownt'^ 
and  shghtnesij.  The  extent  to  which  this  is  true  of  multiple  neuritis 
has  been  already  pointed  out,  Further,  in  its  relation  to  &  morbid 
blood-state  as  its  sole  cause,  we  have  the  key  to  the  synuxkeCxy  of 
the  affection  as  well  as  to  its  parenchymutous  nature,  and  on  this 
iH>Tiit  there  remains  little  to  add  to  what  has  been  already  said. 
Such  a  limitation  to  the  nerve-fibres  as  is  seen  in  multiple  neuritis 
is  unknown  in  the  isolated  form,  in  which,  as  in  gouty  or  syphilitic 
neuritis,  the  affection  is  chiefly  one  of  the  sheath  and  intc^rstitial 
connective  tissue  ^  and  the  fibres  suffer  only  secondarily  in  cbnmic 
oases,  although,  in  accordance  with  the  law  abeady  stal^  tliey  srt 
involved  in  acut^;  cases  in  proportion  to  the  intensity  of  the  proooH. 

It  is  not  surprising  tiat  the  symptoms  of  polyneuritis  shonild 
bear  so  dose  a  resemblance  to  those  of  some  affections  of  the  spinn  I 
cord,  since  we  must  regard  the  peripheral  nerves,  at  least  the  motor 
fibres,  as  essentially  outlying  parta  of  the  conl,  and  it  will  be  seen 
that  one  central  di8eas:%  primary  lateral  sclerosis,  jiresents  many 
points  of  corresijoudence  with  the  chronic  form  of  polyneuritis,  being 

more  probublff  th»t  iill  tUe  tibrtr*  •uffef  in  tbc  taitttt  w»jf,  mid  the  mor*  tlioron|r^ijr 
tMm  are  studkHl  the  more  oletrly  does  it  apptar  th«t  sll  ■ynifnetiical  btarllklt 
j^^peripHernl  and  pMrcnchjrmatoai. 
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of  th«  fibres  proceeding  from  the  motor  Ci*ll8  of  the  bmin 
to  that  of  the  fibres  proceeding  from  the  motor  tvlk  of  the 
dord.     We  ean  i  'id  the  peripheral  distribution  of  the  diaeasd 

by  the  &ct  abvj  ^  ^  .ted  out — that  the  nerve-fibres  are  realljthe 
p3oo^8068  of  the  nerre-celli,  sharing  the  life  of  the  cell»  and 
on  it  for  their  Titalitj.  llie  influence  on  which  their  life 
a  with  the  distance  from  its  source,  and  hence  tht-ir 
nial  power  of  resisting  morbid  agencies  is  least  at  the  periphery'. 
The  ooflkditums  of  life  of  the  sensory  fibres,  it  need  hardly  be  pointed 
OQt,  diSvT  Httb  from  those  of  the  motor,  since  the  ganglia  contaimng 
»re  near  the  cord,  and  almost  as  far  from  the  periphery  as 
molor  nenre-cells.  Tlii/i  fact  abo  has  a  relation  to  the  paren- 
mture  of  the  disease,  since  we  can  find  no  reason  why  the 
tissue  of  the  nerres  should  sufter  most  at  the  extreiiie 
On  the  oontnirj»  the  inflammations  that  begin  in  the 
Are  g^enerally  situated  in  the  oourse  of  the  nerves,  at  some  8p4:>t 
to  tbe  influence  of  an  excitiiig  cause  such  as  pressure  or  motion. 
Thm  flftae  fiuet  (that  the  cause  is  a  blood-sUite)  affords  also  an  explana* 
of  many  facts  of  distribution.  In  addition  to  the  points  already 
it  is  only  necessary  to  point  otit  how  common  are  instances 
of  mlfcihe  action  of  toxic  agents  upon  Tarious  parts  of  thn  nerrous 
;  and  auiilogy  prevents  us  from  feeling  any  difficulty  in  at  least 
the  iaot  that  a  blood-state  should  act  upon  one  set  of  nerve- 
I  rather  than  upon  another,  or  on  the  fibres  for  the  extensors,  or 
ftfBt  and  chiefly  on  only  some  of  the  nerve-fibres  of  a  certain  set 
Wo  do  not  yet  know  what  are  the  influences  that  deter- 
ptibility,  but  it  is  probable  that  a  very  sUght  difference 
is  soiEcient  to  determine  a  very  great  difTerenoe  in  the  result. 
fact  of  symmetry  excludes,  as  we  have  seen,  any  other  cau^ial 
tlian  those  which  act  through  the  blood,  or  consist  in  a  vital 
V  and  act  od  all  structures  with  similar  vital  conditions.  We 
ni^Mrg  as  yet  of  the  precise  charactor  of  the  morbid  influence 
whieb  oauaes  the  malady,  beyond  the  facts  mentioned  in  the  intro* 
I  be  greatest  difficulty  is  presented  by  the  fact  that  a 
through  exposure  to  cold,  or  possibly  by  a  growth  of 
in  Hie  body,  should  have  an  influence  similar  to  that  which 
by  metals  or  by  alcohol.  At  the  same  time  it  is  instructive 
that  the  most  recent  researches  in  bacteriology  point  to  the  pro- 
of durBucal  substances  by  the  disease-oiusing  organisms  in  the 
d  their  growth,  and  suggest  that  these  chemical  products. 
th«  organisms  thenist'lves,  act  upon  the  nerves.*  AJcohol, 
il  naj  be  further  noted,  is  itself  the  re^iiit  of  the  growth  of  or«^nisius 
alMiHt  as  low  in  tbi*  scale  as  those  which  are  the  causes  of  disease :  the 
of  the  growth  of  bacteria  in  the  body  may  be  not  unlike  a 
of  feniieiitatio&.  and  the  results  of  the  one  not  unhke  those  ot 
te  other.  Tbe  analogy  is  the  more  pertinent,  since  multiple  neuritis 
•  k  liworj  «ppsr«oU/  irwt  iu^cifwl  l>j  ItosfuUeiiu,  *  Anh.  f.  I*«ych„'  xrilv S* 
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molecuLir  destruction  of  the  nerve-fibres  must,  in  destroying  ihoir 
structure,  disturb  gravely  their  ftiri«  tinn ;  and  this  diBturlmnce  of 
atructure  and  of  function  prowt'ds  in  the  parts  still  connw-ti-d  with 
the  nerve-centres,  so  that  the  irritiitive  inflin^nce  of  the  moleenlar 
changes  can  act  on  the  centres  by  the  normal  upper  parts  of  the 
nerves  throughout  the  whole  course  of  the  nmlady.  It  induces  Lq  the 
centres,  as  all  prolonged  pain  does,  an  undue  readiness  of  action,  a 
state  of  over-excitability;  and  so  we  can  understand  the  persistent^e 
of  the  pains  and  hypersesthesia,  and  the  fact  that  these  continue 
until  the  process  of  restoration  has  become  definitely  established. 
The  same  considerations  apply  to  the  tenderness  of  the  muscles,  since 
the  afferent  muscular  nerves  correspond  in  the  direction  of  their 
function  to  the  sensory  nerves  of  the  skin.  In  both  eases  mechanical 
influences  conntitnte  the  chief  mode  of  their  normal  stimulation,  ii:id 
hence  they  may  well  be  morbidly  aensitive  to  snch  influences.  Tim 
peripheral  distribution  of  the  chanj^s  indicates,  moreover,  that  pro- 
bably the  first  to  suffer  are  those  in  T^^hich  functional  susceptibility 
is  most  highly  developed— the  actual  endings  of  the  nerves,  and  the 
etructurf^a  which  are  esjwcially  adapted  for  the  reception  of  stimuli 
and  the  production  of  nerve- force. 

We  have  seen  that  two  facts  give  us  the  key  to  the  pathology  of 
the  disease  so  far  its  this  is  yet  understurKl.  One  is  its  syaimetry ; 
the  other  is  the  fact  that  it  is  commonly  a  disease  of  nerve- fibres— 
that  these,  and  not  the  connective  tissue,  are  the  parts  primarily  and 
Bpecially  diseased.  In  all  struciures,  in  proportion  to  the  intensity 
and  acuteness  of  the  parenchymatous  affection,  the  interstitial  tissue 
participates  in  the  changes,  and  escapes  in  proportion  to  its  slowntss 
and  slightness.  The  extent  to  which  this  is  true  of  multiple  neurit  is 
has  been  already  pointed  out,  Further,  in  its  relation  to  a  morbid 
blood-state  as  its  sole  cause,  we  have  the  key  to  the  symmetry  of 
the  affection  as  well  as  to  its  parenehymiitous  nature,  and  on  this 
point  there  remains  little  to  add  to  what  has  been  already  said, 
Buch  a  limitation  to  the  nerve-fibres  as  is  seen  in  multiple  neuritis 
ifl  unknown  in  the  isolated  form,  in  which,  as  in  gouty  or  syphilitic 
neuritis,  the  affection  is  chiefly  one  of  the  sheath  and  interstitial 
connective  tissue  j  and  the  fibres  Huffer  only  secondarily  in  chronic 
cases,  although,  in  accordance  with  the  law  already  stated,  they  are 
invulred  in  acute  cases  in  proportion  to  the  intensity  of  the  process. 

It  is  not  surprising  that  the  symptoms  of  polyneuritis  should 
bear  so  close  a  resemblance  to  those  of  some  affections  of  the  spina  1 
cord,  since  we  must  regard  the  peripheral  nerves,  at  least  the  motor 
fibres,  as  essentiaDy  outlying  parts  of  the  cord,  and  it  will  be  seen 
that  one  central  diseaSLi,  primaty  lateral  sclerosis,  presents  many 
points  of  correspondence  with  the  chronic  form  of  polyneuritis,  being 

more  probable  that  h1]  the  tibrest  aaffer  in  the  SAiiic  Mt&y,  and  the  iiioro  thoroughly 
CftBM  are  itndicd  the  tnorc  clcnrly  doc*  it  uppettr  tktkb  ftll  •ymtnetrii'&l  ueuriti)!  i* 
peripbentl  i^nd  pMreiieh)' mat^us. 
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an  affection  of  the  fibres  proceeding  from  the  motor  cells  of  the  brain 
analogous  to  that  of  the  fibres  proceeding  from  the  motor  c*^lls  of  the 
cord.  We  can  understand  the  periphenil  distribution  of  the  disease 
by  the  fact  already  pointed  out — that  the  nerve-fibres  are  really  the 
prolonged  prcMX'Ssea  of  the  nerve-cells,  sharing  thc^  life  of  the  c^ll,  and 
depending  on  it  for  their  vitAlitj,  The  influence  on  whieh  their  life 
depends  must  lessen  with  the  distance  from  its  source,  and  hence  thtir 
vitel  power  of  resisting  morbid  agencies  is  least  at  the  periphery. 
The  conditions  of  life  of  the  sensory  fibres,  it  need  hardly  be  pointt^d 
out,  differ  Little  from  those  of  the  motor,  since  the  ganglia  containing 
their  oeUa  are  near  the  cord,  and  almost  as  far  from  the  periphery  as 
Bxe  the  motor  nerve -cells.  This  fact  also  has  a  relation  to  the  paren- 
chymatous nature  of  the  disease,  since  we  can  find  no  reason  why  the 
oonnectiTe  tissue  of  the  nerves  should  suiter  most  at  the  extreme 
periphery.  On  the  contrary,  the  iuflammatioiis  that  begin  in  the 
sheath  are  generally  situated  in  the  course  of  the  nerves,  at  some  spot 
e^osed  to  the  influence  of  an  exciting  cause  such  as  pi-essure  or  motion. 
The  same  fact  (that  the  cause  is  a  blood-st^ite)  affords  also  an  explana- 
tion of  many  facts  of  distribution.  In  addition  to  the  points  aJU'einly 
mentioned  it  is  only  necessary  to  point  out  how  common  are  instances 
of  selective  action  of  toxic  agents  upon  various  parts  of  the  nervous 
system ;  and  aualoj^ry  prevents  us  from  feeding  any  difficulty  in  at  least 
accepting  the  fact  that  a  blood-state  should  act  upon  one  stjt  of  nerve- 
fibres  rather  t!ian  upon  another,  or  on  the  fibres  for  the  extensors,  or 
even  first  and  cliiefly  on  only  some  of  the  nerve-fibrea  of  a  certain  set 
of  muscles.  We  do  not  jut  know  what  are  the  influences  that  deter- 
mine such  susceptibility,  but  it  is  probable  that  a  very  shght  difference 
in  nature  is  sufficient  to  determine  a  very  great  difference  in  the  result. 
The  faet  of  symmetry  excludes,  as  we  have  seen,  any  other  causal 
influences  than  those  which  act  through  the  blood,  or  consist  in  a  vital 
tendency,  and  act  on  all  structitrea  with  similar  vital  conditions.  We 
know  nothing  as  yet  of  the  precise  character  of  the  morbid  influence 
which  caum-s  the  malady,  beyond  the  facts  mentioned  in  the  intro- 
ductory section.  1  he  greatest  dLfficulty  is  presented  by  the  fact  that  a 
poison  generated  through  exposure  to  cold,  or  possibly  by  a  growth  of 
organisms  in  the  body,  should  have  an  influence  SLinilar  to  that  whieh 
is  exerted  by  metals  or  by  alcohol.  At  the  same  time  it  is  instructive 
to  not-e  that  the  most  iTv^-ent  researches  in  bacteriology  point  to  the  pro- 
duction of  chemical  substances  by  the  disea-se-causiug  organisms  in  the 
course  of  tlieir  growth,  and  suggest  that  these  chemical  products, 
rather  than  the  organisms  themselves,  act  upon  the  nerves.*  Alcohol, 
it  may  be  further  noted,  is  itself  the  result  of  the  growth  of  organisms 
almost  as  low  in  t  he  scale  as  those  which  are  the  causes  of  disease ;  the 
process  of  the  growth  of  Ijai-t^^ria  in  the  Ixidy  may  be  not  unlike  a 
prooess  of  fermentation,  and  the  results  of  the  one  not  unlike  those  of 
the  other.  The  analogy  is  the  more  pertinent,  since  nmltiple  neuritis 
•  A  theory  iniparQiill^-  (imt  auggefteii  bj  ICoseiiheiia,  "^  Arch.  f.  Payctj./  x?iii,  3. 
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luatter^ — polio- myelitis,  Fntil  recently »  indeed,  all  cases  of  multiple 
itcuritis  were  looked  upon  as  of  that  nature.  It  ia  chiefly  io  the  rheu- 
matic and  toxsemic  forma  that  the  dinfl:uosi8  is  really  difficult.  In  each 
disease  there  in:iv  be  a  febrile  ouset,  muscular  wasting  with  the  reac- 
tion of  degeneration,  initial  rheumatio  pains,  and  a  tendency  to  the 
spontaneous  recovery  of  the  least  aiieeted  i>art8,  Thedistiuetiou  rests 
on  the  aymmetrieal  locaHsation  of  the  iiuuritlc  palsy,  while  that  of 
polio-myelitis  is  chanicteristically  rantlom  in  diatribution ;  on  the 
persistence  and  severity  of  the  neuritic  paina ;  on  the  tenderness  of 
I  Jie  inflamed  ner^e-trunka  ;  and  on  the  ehanj^es  in  sensibihty,  a  symptom 
n«_^ver  present  in  pjlio-iiivelitis  The  electrical  reactions  iiru  the  same 
in  both  affections.  It  has  been  said  the  early  extinction  of  voltaic 
imtability  in  the  muscle  (see  p.  72)  is  met  with  only  in  disease  of 
the  nerves,  hut  this  is  incorrect;  I  have  more  than  once  met  with  it 
in  central  aff ret  ions.  But  we  have  seen  that  it  is  probable  that 
the  nerve-truiiis  are  somctiTnes  inllamed  in  iwlio-myelitis,  and  suffer 
as  a  simuhaneous  effect  of  the  cause  of  the  spinal  lesion.  In  this  con- 
dition, however,  the  spinal  »yDiptoms  preponderate,  and  the  distri- 
liution  of  the  neuritis  is  irre^^ular.  lu  all  cases  the  presence  of 
inereased  myotatic  irritability,  or  of  the  spasm  in  the  legs  that  accom- 
panies considerable  excess  of  this,  may  be  tiiken  as  proof  of  disease  of 
the  cord;  all  active  muscular  spasm,  indeed,  has  this  significance. 
Thus  if  the  arms  are  paralvsed,  even  though  the  paralysis  closely 
resembles  that  of  polyneuritis,  and  the  legs  are  weak,  with  excessive 
knee-jerk  and  foot-clonua,  the  disease  is  of  the  cord,  and  not  of  the 
nerves.  The  greatest  difficulty  is  preaenteil  by  some  st  asory  cases 
ill  which  there  are  only  tingling  and  uumbneas  in  the  legs,  and 
also  by  the  problem  of  detecting  cord  disease  in  the  presence  of 
l>eripberai  neuritis.  The  latter  will  be  considered  fm-ther  on.  The 
former  is  generally  decided  by  the  presence  or  absence  of  the  knee- 
jerkf  and  by  the  fact  that  in  peripheral  neiu-itis  the  sensory  symptoms 
are  more  peculiar  and  sym metrical  than  in  cord  disease;  there  is 
tingling  or  amesthesia,  for  instauce,  in  the  palms  or  soles,  or  both, 
and  a  careful  examination  of  the  nerves  and  muscles  will  generally 
n-veal  a  cxfudition  that  is  characteristic. 

Pachjnieningitis,  damaging  Ihe  nerve-roots,  may  cause  paralysis, 
wasting,  and  anaesthesia,  but  in  this  all  four  limbs  are  not  affected ; 
the  legs  rarely  suffer ;  the  ansesthesia  invades  the  upper  parts  of  the 
limbs  or  the  trunk  as  much  or  more  than  the  distal  parts;  there  ia  no 
tenderness  of  nerve-trunks,  and  there  is  usually  distinct  evidence  of 
diimage  to  the  spinal  cord  itself.  The  mysterioua  disease,  **  acute  ascend- 
iLig  paralysis,"  may  resemble  the  most  rapid  form  of  multiple  neuritis, 
but  in  it  the  symptoms  ascend  the  trunk  from  the  legs  to  the  arms,  and 
do  not  begin  in  the  hands  and  feet  at  the  same  time  or  sue^cessively,  and 
involve  the  trunk  last,  as  does  the  usual  form  of  multiple  neuritis. 
]Mauy  casea,  perhaps  indeed  most,  are  of  toxic  origin,  and  are  really 
ururitis.     Diphtheritic  paralysis  m  of  uncertain  nature^  but  there  ia  no 
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considerable  pain,  and  the  weakness  in  the  limbs  ubuglUj  aucceeda 
paraljsis  of  the  pa,late  and  ciliiirj  muscle,  never  met  with  in  other 
rfonofl  of  poljnenritis.  The  distinction  from  other  diseases  (as,  for 
instance,  that  from  the  symmetrical  paralysis  of  the  extensors  which 
may  occur  ut  the  onset  of  progressive  muscular  atrophjj  will  be  con- 
sidered when  these  diseases  are  described. 

The  distinction  of  polTneuritis  in  its  ataxic  form,  "  pseudo-tabes/* 
from  true  tabes  is  often  beset  with  great  difficulty.  This  is  indeed 
natural,  sint^e  the  lesion  in  true  tabes  may  be  identical  with  that  in  the 
neuritic  affection ;  not  only  is  degeneration  of  the  peripheral  nerves  a 
c^3mmon  lesion  in  tabes,  having  the  same  distribution  at  the  peripheral 
extremities  of  the  nu.ves  as  in  polyneuritis,  but  in  the  variety  termed 
**  neiuro-tabes  *'  the  lesion  consists  only  in  thia  nerve  degeneration,  and 
the  spinal  cord  is  free  from  disease.  We  have,  then,  affections  iden- 
tical in  pathological  anatomy,  and  almost  ideutfeal  in  symptoms. 
Yet  we  must  class  the  neuro-tabes  with  the  apinal  form,  from  which 
polyneuritis,  as  here  described,  has  to  be  distin^'uished ;  it  is  necessary 
to  do  so  on  accoimt  of  the  relatiouij  and  etiology  of  the  two  maladies 
as  well  as  on  account  of  practical  considerations.  The  presence  of 
actual  paralysis,  of  distinct  weakness  of  the  extensors,  in  addition  to 
inro-ordination,  would  of  course  decide  the  question,  sine©  there  is  no 
a.'t uai  lusss  of  power  in  tabes :  hence  a  distinction  in  gait  pointed  out 
by  Weatphal  and  Charcot,  thrtt  in  p-jeudo-tabes  the  feet  are  raised  too 
hi'^h  on  account  of  the  difficulty  of  getting  the  toea  off  the  ground 
(lil;e  a  person  stepping  over  low  objects),  is  of  little  actual  value;  it 
only  exists  when  there  is  distinct  loss  of  power.  But  it  is  in  the  cases 
of  neuritis  in  which  there  are  only  sensory  symptoms  that  the 
I  difficiilty  especially  exists.  It  occurs,  moreover,  chiefly  when  the  ataxy 
is  moderate  in  degree;  when  this  is  so  great  that  the  patient  is  not 
*able  to  stand  alone,  in  apite  of  the  power  of  moving  all  joints  of  the 
'  legs  with  fair  force,  true  tubes  should  alone  be  thought  of.  The  cases 
of  tabes  in  which  there  is  moderate  inco- ordination  of  movement, 
distinct  um^.eadineas  on  walking,  whether  increased  by  closure  of 
ihe  eyes  or  not,  and  distinct  irregularity  and  uncertainty  in  the  move- 
ment of  the  feet  and  legs,  are  those  which  are  perfectly  simulated  by 
the  pseudo^tahetic  form  of  polyneuritis.  Pains  are  comjnon  to  the  two 
diseases,  and  neither  prolonged  acute  pain  nor  dull  rheumatoid  pains 
afford  the  means  of  distinction.  True  ** lightning"  pains  are  seldom 
met  with  in  neuritis ;  they  are  therefore  strong  evidence  that  the  case 
is  one  of  tabes.  Extreme  hypenesthesia  is  much  more  common  in 
neuritia  than  in  t-abes,  but  is  of  little  service  in  the  diagnosis  because 
lit  is  not  oft^en  present  in  ataxic  polyneuritis,  but  the  muscular  tender- 
^mesB  of  neuritis  is  of  considerable  diagnostic  value.  A  great  excess  of 
if  he  reflex  action  from  the  skin  is  occasionally  met  with  in  tabes,  the 
sensory  impressions  being  painless;  wiiile  in  ataxic  neuritis  the  reflex 
action  is  seldom  excessive,  and  is  generally  diminished,  wliile  the 
sensory   impression  is  commonly   painful   from   the    hypenesthesia. 
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Some  other  ejmptoma  are  also  of  valne  aa  indicattone  of  tabes  ratter 
Uiaa  neiiritia,™— an  affection  of  tho  sphincters  ;  a  sense  of  constriction 
round  tlie  tninli:  (whii*h  may  be  felt  over  a  wi<le  ivrea  as  a  band  rather 
than  as  a  cord) ;  and  lastly  (but  among*  the  first  m  importance),  the 
reflex  action  of  the  pupil  to  light  is  often  lost  -  seldom  if  ever  in  neuritis. 
Since  it  may  be  normal  in  tabes,  ita  loss  is  of  more  significance  than 
its  presence,  bnt  the  cases  of  tabes  in  which  it  is  preseiTed  form  only  a 
small  minority,  so  that  its  preserTatiou  is  often  at  least  corroborative 
evidence  that  the  case  is  one  of  polyneuritis.  Mental  chancre  is  of  little 
value  in  the  diagnosis  unless  it  is  in  the  form  of  definite  delirium  ; 
but  the  less  common  aymptoma  of  tabes,  if  preaent,  often  afford  proof 
of  the  nature  of  the  malady,  although  geuerally  in  association  with 
other  symptom*  rather  than  by  themselves.  Optic  nerve  atrophy,  for 
instance,  is  almost  unknown  in  the  neuritio  "  pseudo-tabes,"  and  so 
also  are  the  various  "crises:'*  care  must  betaken  not  to  confound 
the  vomiting  of  alcoholic  gastric  disturbance  with  the  gastric  crises  of 
tabes.  The  trophic  chiinges  differ  iu  the  two  :  the  tabetic  enlargement 
of  the  bones  and  disease  of  the  joints  are  unknown  in  neuritis  ;  and 
so,  in  the  former  affv^-tion,  are  the  simple  arthritic  adhesions  and  the 
'*  glossy  skin  '*  of  the  latter.  If  all  the  Bympti>ms  are  considered 
separately  for  their  individual  value,  and  conjointly  for  their  associated 
significance,  it  is  not  often  that  the  observer  will  remain  in  doubt. 

One  other  8p»eciiLl  dia^^'uosis  should  be  mentioned,  tliat  for  hyaterical 
palsy.  This  occurs  chietly  in  women  when  the  symptoms  are  motor 
and  are  in  the  legs.  \Then  in  the  arms,  the  characteristic  situation 
of  the  palny  usually  attracts  attention  and  prevents  error.  A  defect 
in  the  power  of  extension  of  the  wrist  has  probably  never  been  met 
with  as  a  consequence  of  hysteria.  'Slight  ataxy  may,  however,  be 
purely  functional  in  nature,  but  the  knee-jerk  is  not  lost,  and  if  there 
is  ansBsthesia  it  is  much  more  extensive  in  the  functional  affection- 
It  is  of  great  importance  to  know  whether  the  spinal  cord  is  suS^er- 
ing  as  well  as  the  nerves.  The  following  symptoms  are  those  that  are 
the  moat  common  and  important  evidence  of  this  complications — (1 ) 
Any  impainnent  of  the  functions  of  the  bladder  or  rectum — ^inoonti- 
uence  of  ftei^^i^s,  retention  or  incontinence  of  urine.  It  is  not,  indeed, 
improbalilc  that  their  impairment  may  form  part  of  the  most  intense 
form  of  polyneuritis,  but  it  is  not  part  of  the  ordinary  phenomena  of 
the  disease ;  hence,  in  such  cases,  these  symptoms  suggest  that  the 
disease  involves  the  oord  as  well  as  the  nerves.  It  is  important  to  re- 
member that  when  there  is  mental  change,  evacuations  into  the  bed 
are  frequently  without  sii^'nificance  as  to  the  state  of  the  sphincters, 
and  are  due  solely  to  the  inertia  of  the  mind.  This  is  a  fertile  source 
of  error.  (2)  A  distinct  sense  of  constriction,  "  girdle-pain/'  referred 
to  any  part  of  tlio  trunk,  probably  ulways  conatitut+?8  proof  of  damage 
to  the  cord,  Of  the  same  significance  is  sharp  pain  radiating  around 
the  trunk  at  a  dciinito  level  and  not  elsewhere.  (3)  An  important 
distinction  in  alcuhulic  cases  is  an  unusual  distribution  of  the  afCec- 
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tios,  «.  ^.  complete  paral yslis  of  aU  parts  of  the  legs,  or  weakness  at 
tike  muscles  abore  the  kuee,  and  not  of  those  below.  Impairment  of 
■eusatiozi  up  to  a  certain  lerei  on  the  legs  or  trunk  has  the  same  sig> 
niiicanoe ;  disease  of  the  neires  does  not  inTolTe  those  of  sensation  up 
to  a  definite  level.  Bedsores  also  increase  the  probabihtj  that  the  cord 
is  affectad. 

If  a  case  i^  recognised  as  one  of  multiple  neuritis  there  remains  the 
question,  what  is  its  cause  ?  In  manj  cases  this  question  does  not 
arise,  because  the  cause  is  obtrusiTe,  and  has  been  recognised  as  one 
of  the  elements  of  the  diagnosis ;  but  in  other  cases  the  cause  is  not 
clear,  the  diagnosis  has  been  made  iudependentlj  of  it,  and  it  remains 
to  be  discoTcred.  For  the  most  part  it  is  onlj  necessary  to  know  the 
Tanoua  causes  in  order  to  determine  which  is  effective  in  the  patient 
under  observation,  because  one  or  another  of  them  is  to  be  discovered 
without  difficulty,  and  the  rest  are  absent.  It  may  be  useful,  however, 
to  remember  that,  as  a  rule,  iu  chronic  metallic  poisoning  the  arms 
suffer  before  the  legs,  and  that  in  lead  poisoning  the  acute  paralysis 
is  limited  to  the  arms ;  in  arsenical  poisoning  the  affection  of  the  arms 
is  soon  followed  by  that  of  the  legs,  while  in  alwholic  cases  the  legs 
generally  stiffer  first.  In  a  case  in  which  arms  and  k'ga  are  affected 
simultanettusly  metallic  poisoning  would  be  a  very  unlikely  cause.  An 
initial  affection  of  tlie  proximal  parts  of  the  limbs  at  the  same  time  as 
the  distal  parts  suggests  some  other  catise  than  alcohol,  especially  cold 
or  toxemia.  Early  affection  of  the  muecles  of  the  trunk  or  of  the 
bulbar  nerves  has  the  same  significance,  and  so  also  has  severe  con- 
stitutional disturbance  at  the  outset.  It  must  be  also  remembered, 
howerer,  that  alcoholism  often  oo-operates  with  other  causes,  esiw^ciaUy 
with  cold  ;  and  it  must  also  be  remembered  that  the  inquiry  needs  to 
be  exhaustive  before  the  influence  of  alcohol  can  be  excluded.  This  is 
especially  true  in  the  case  of  females,  who  oft'Cn  obstinately  deny  that 
which  would  bring  shame  upon  them.  Exposure  to  cold  has  generally 
been  severe  ;  and  if  it  \ms  not,  the  co-operation  of  alcohol  is  extremely 
probable.  Neuralgic  pains  of  in-egular  dustribution  in  addition  to  the 
eymptoms  of  polyneuritis  should  suggest  diabetes  aa  a  cause,  but  the 
examination  of  the  urine  for  sugar  should  never  be  omitted.  When 
polyneuritis  is  due  to  septicEemia  this  cause  may  be  suggested  by  the 
fact  that  the  patient  is  under  treatment  for  some  surgical  ailment; 
while  in  all  cases  of  obscure  origin  inquiry  should  be  made  for  any 
acute  specific  disease  to  which  the  neuritis  is  known  to  be  aecoudaiy, 
and  the  fact  should  be  remembei-ed  that  a  considerable  intei  val  may 
separate  the  two.  Some  form  of  tuxtemia  is  always  suggestted  by  the 
fact  that  the  onset  of  the  neuritis  is  associattjd  with  such  pyrexia  and 
constitutional  disturbance  as  indicate  an  acute  morbid  blood-state.  But 
this  diaguosis  often  rests  chiefiy  on  the  exclusion  of  other  causes ;  if 
these  are  absent,  the  fact  that  neuritis  is  known  to  result  from  obscure 
biood'poisons  may  be  allowed  weight,  especinlly  if  the  symptoms  begin 
in  the  legs  or  in  all  parts  of  the  Umbs  simultaneously,  and  do  not  affect 
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exdufiiTely  at  first  the  extensars  of  the  ©xtr©mitie«.  Sensory  symptoTn« 
in  tliese  cases  at  the  early  stage  often  take  the  form  of  tingling  and 
"numbness/*  and  the  pains  so  chamcterifit ic  of  tho  al<?oholic  form  are 
frequently  absent,  or  are  represented  only  l*y  duJl  aching.  In  shf=;ht 
caaes  of  this  type  sensations  of  numbness  and  "pina  and  needles  "  in 
the  legs,  with  rcadinefia  of  fatigue  and  loss  of  the  knee-jerk,  may  be 
the  only  symptoms.  The  facts  that  the  natui-e  of  toisemic  causes  is  to 
a  large  extent  unknown,  and  that  the  poison  may  probably  be  acquired 
from  without,  make  it  necessary  to  be  prepared  to  find  this  cause  of 
multiple  neuritis  under  almost  any  circiun stances,  Besidetice  abroad 
should  suggest  an  inquiry  for  exposure  to  malarial  influences.  The 
possible  signMcance  of  tubercle  as  a  cause  should  lead  to  a  careful  exa- 
mination of  the  lungs ;  but  the  piossibility  that  phthisis  may  be  an 
effect,  and  not  a  cause,  of  multiple  neuritis  must  be  borne  in  mind. 

PBoaNosis. — The  danger  to  life  is  in  proportion  to  the  acuteaess 
of  the  malady,  to  its  severity  as  measured  by  the  extent  of  the  para- 
lysis, and  to  the  degree  in  which  the  strength  of  the  patient  is 
impaired  by  other  maladiea,  or  by  the  cause  of  the  neuritis.  It  is 
important  also  to  remember  that  when  the  affection  has  increased  up 
to  the  time  that  the  patient  comes  under  treatment,  it  generally  does 
not  re-pond  immediately  to  the  arrest  of  its  cause,  such  as  the  with- 
drawal of  alcohol,  but  continues  to  increase  for  two  or  three  weti'ks. 
It  is  this  temporary  progressive  tendency  that  constitutes  the  graver 
element  in  the  diaease,  and  must  be  taken  into  account  in  every 
initial  prognosis.  Hence  the  forecast  must  be  guarded  in  all  casea 
that  are  severe  when  the  j)atient  cornea  under  treatment,  and  most 
ao  if  there  has  been  a  rapid  increase  in  symptoms  that  had  existed  for 
a  long  time  in  slight  degree.  If  the  ext^nisors  of  hands  and  feet  are 
powerless,  and  the  muscles  conned  ing  the  hmbs  with  the  trunk  are 
distmctly  enieebled,  unhiss  the  disease  has  clearly  tiegiin  to  les.sen, 
there  is  danger  that  a  further  extension  may  involve  the  muscles 
of  respiration ;  this  is  espt*cially  great  when  the  muscles  moving 
the  shoulder  are  considerably  w^-ken*^.  It  obviously  follows  that 
the  danger  is  still  greater  if  the  musclea  of  the  trunk,  and  especially 
of  the  chest,  have  already  given  eridonce  of  changes  in  their  nerves. 
Pain  in  the  trunk  of  the  same  character  as  that  in  the  limbfl  ii  also 
a  grave  symptom  if  the  motor  power  of  the  Hmbs  has  become  small, 
or  the  case  is  one  unusually  general  in  its  distribution,  because 
where  the  sensory  fibres  are  suffering  the  motor  fibres  are  in  danger 
also.  Paralysis  of  the  diaphragm  adds  considerably  to  the  danger, 
and  its  power  should  be  carefully  watche<i  in  the  manner  and  with 
the  precautions  mentioned  in  the  account  of  its  paralysis  (p.  33). 
It  may  become  ijaralysod  without  the  fact  coming  to  the  conscious- 
ness of  a  piitient  lying  quietly  in  bed,  but  a  sHght  weakuess  of  the 
intercostals  will  then  cause  consideniblc  difficulty  of  breathing  and 
an  accumulation  of  mucus  in  the  lungs,  a  condition  predisposing  to 
definite  bronchitis,  by  which  the  patient  may  be  quickly  suffocated. 
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The  importance  of  thia  point  is  great,  Bince  respiratory  palsy  ib  one  of 
1^  most  oommon  immediate  causes  of  death.  It  is  probable  alao 
that  deficient  breathing  power  is  one  of  the  causes,  perhaps  even  tho 
chief  cause,  that  lead  to  the  development  of  the  chronic  phthisical 
lung  disease  that  comes  on  in  so  many  prolonged  ca^es,  Especially 
important,  also,  is  any  indication  that  the  nerves  of  the  heart  are 
suffering.  In  an  acute  increase  due  to  continued  use  of  alcohol  the 
vagus  sometimes  suffers  severely  before  other  nerves,  and  increasing 
frequency  of  the  pulse  is  then  of  most  serious  significance.  The 
prognosis  should  be  guided  by  the  motor  rather  than  bj  the  sensory 
symptoms.  The  latt4:'r  may  improve  while  the  former  increase  with^ 
•out  lessening  the  gravity  of  the  latter  indication.  Persistent  cedema 
is  of  bad  omen,  and  so  also  are  other  indications  of  considerable  blood- 
change. 

When  once  the  malady  has  become  stationary,  and  its  cause  has 
definitely  ceased,  the  danger  to  life  is  small,  except  in  severe  cases,  in 
which  the  pains  are  lutense,  the  patient  helpless,  or  the  heart  is  feeble, 
and  the  pulse  perBistently  frequent,  or  there  are  signs  of  lung  disease. 
In  these,  as  in  all  cases,  moreover,  the  danger  is  much  increased  by 
any  indication  that  the  spinal  cord  is  involvt-d.  The  tendentiy  to  re- 
covery is  far  less  in  the  cord  than  in  the  nerves;  and  retention  of 
urine  (with  all  its  secondary  consequences),  bedsores,  &c.,  are  prone  to 
occur,  and  to  involve  their  own  danger  even  if  the  disease  in  the  cord 
does  not  increase.  The  prognosis  as  regards  life  in  cases  of  moderate 
teverity  depends,  indeed,  as  much  on  complications  as  on  the  state  of 
the  nerves.  Signs  of  chronic  cerebral  meningitis,  of  degeneration  of 
the  walls  of  the  heart,  of  disease  of  the  liver  and  of  the  kidneys,  also 
lessen  the  prospect  of  escape  with  life. 

The  danger  is,  however,  greatest,  and  the  mortality  highest,  in  the 
acnte  cases  that  are  due  to  some  toxsemic  state  or  to  cold,  and  it  must 
be  estimated  by  the  rapidity  with  which  the  paralysis  develops  and 
spreads.  Whenever  it  becomes  considerable  in  a  few  days,  the  danger 
of  early  extension  to  the  mechanism  for  respiration  is  very  great.  In 
these  cases,  also,  pneumonia  frequently  occurs,  concomitant  with  the 
«arly  symptoms,  and  few  cases  thus  complicated  recover. 

In  cases  that  are  not  fatal  the  full  development  of  the  symptoms  is 
followed  by  a  stationary  period,  which  lasts  for  one  or  two  months 
before  improvement  begins,  and  for  thia  the  patient  or  friends  should 
be  prepared.  The  course  of  restoration  ia  always  extremely  slow ;  tho 
muscles  least  affected  regain  power  in  from  two  to  four  months,  but  it  is 
usually  six  months  or  more  from  the  onset  of  improvement  before  the 
-extensors  are  fairly  strong,  if  their  palsy  was  considerable  or  complete, 
The  intrinsic  muscles  of  the  hand  are  still  longer  in  recoveiy.  The 
improvement  in  the  nutrition  of  the  muscles  follows  that  in  their 
power,  so  that  they  remain  amaller  than  normal,  long  after  they  have 
regained  strength.  It  nmy,  indeed,  be  years  before  the  muscles  whosi? 
site  can  be  well  6een«  such  as  the  abductor  indicia,  are  of  normal  sise. 


180 


MCTLTIPLB    NEQEITIS. 


It  is  oeldom  that  any  permanent  weakness  is  left  unless  the  tpintil  msi 
is  diseased,  and  when  a  patient  is  distinctly  improTini^  a  good 
prognosis  may  be  given,  provided  there  are  no  complirations  to 
fere  with  it.  In  no  case  with  distinct  spinal  ajmptotu&  can  wt  M 
confident  that  restoration  of  power  wHl  be  complete ;  and  in  oaitt  in 
which  there  are  indications  of  considerable  daooage  to  the  cord  it  ii 
itlmost  certain  that  some  lasting  weakness  will  be  left. 

The  electric  irritability  of  the  muscles  and  nerviea  dibj  be  expected 
to  return  to  the  normal  more  slowly  than  their  capacitr  of  revpoiue  to 
the  will,  but  sooner  than  their  nutrition.  The  conditions  that  am  ob- 
served in  these  cases  are  the  same  as  in  the  isolated  form  of  neurits, 
in  which,  although  the  primary  change  is  in  the  connective  tissut*,  th^ 
symptoms  depend  on  the  secondary  changes  in  the  nerTQ.fibres. 
Hence  the  statements  made  on  p.  71  are  equally  applicable  to  multiple 
neuritis.  The  reactions  often  furnish  impirtant  information,  «»specially 
soon  after  the  onset;  the  more  the  irritability  deviates  from  thenonnsl 
the  greater  will  be  the  subsequent  wasting,  and  the  longer  the  doratioii 
of  the  palsy.  When  some  faradic  irritability  returns  in  both  nerve 
and  muscle  it  may  be  regarded  as  a  sure  indication  of  advancing 
restoration  of  structure,  which  is  certain  to  involve  a  progrcvsire  in- 
crease of  conduction  of  voluntary  impulse,  and  response  to  it.  If  the 
trunk  nerves  are  not  ijjvolved,  the  prognosis  in  severe  cases  Is  a  tittle 
better  when  the  arms  are  chiefly  affected  than  when  the  legs  b*ve 
suffered  most. 

The  sensoiy  disturbance  may  be  expected  to  follow  a  ooarse  on  the 
whole  similar  to  that  of  the  motor  symptoms.  A  diminution  £&  the 
spontaneous  pain  may  be  anticipated  sooner  than  in  the  tendemsss  of 
the  nerves  and  muscles,  which  usually  lasts,  in  lessening  degree,  aati] 
the  muscles  have  regained  some  power.  The  extreme  teadsmees, 
indeed,  passeH  away  with  the  spontaneoos  pain,  but  some  degree  of 
over-sensitiveness  continues  for  a  long  time.  Happily  the  tendener  to 
persistent  neuralgia,  seen  after  the  isolated  form,  need  not  bi*  antid* 
j>ated  after  multiple  neuritis.  We  find  the  explanation  of  this  in  the 
absence  of  the  new  formation  of  connective  tissue  from  the  inflamoia- 
tory  produc^ts,  wlach  in  the  isolated  form  peTi>etuate,  by  Cicatricial  con- 
traction, the  irritation  to  which  inflammation  gave  rise. 

There  is  little  difference  in  the  prognosis,  as  regards  recovery,  in  the 
different  forms  of  neuritis.  The  anticipations  that  may  be  formed  are 
governed  in  all  by  the  rules  just  mentioned,  and  the  risk  to  life  has 
lieen  already  considered.  In  all,  however,  it  may  be  repeated  the 
extent  to  which  the  cause  is  under  control  forms  an  essential  element 
in  the  problem,  and  must  influence  the  conclusion  in  every  case.  The 
prognosis,  however,  is  better  in  the  sensory  than  in  the  motor  form, 
better  when  the  arms  escape  than  when  all  the  limbs  are  involved,  and 
better  in  cases  of  chronic  than  of  acute  onset,  and  bett4?r  if  an 
rpjtaivntly  acute  onset  is  really  sucb  than  if  it  succeeds  slight  trta- 
I  loms  of  longer  duration.     When  the  malady  follows  an  acute  speeifi*. 
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Hfte  sereritj  of  the  latter  ia  no  guide  to  tKe  ootuiBe  of  its 
mreTQ  neuritis  mar  follow  &  mild  attack  of  the  acute  specific, 
TmSATMsyr. — The  different  classes  of  multiple  neuritis  here  con- 
need  treatment  that  in  some  respects  varies,  and  in  others  is  the 
in  all  forms.     In  all  it  is  essential  to  discorer,  if  possihle,  the 
of  the  neuritis,  and  to  remove  it  or  arrest  the  continuance  of  its 
Thifl  obvioualj  should  be  the  first  consideration  in  cases  d\ie 
Uf  aloobtfl,  in  which  it  is  sometimes  of  great  diMcultj.     It  is  desirable, 
as  m  rule,  that  al<x»hol  in  all  forms  should  be  given  up  entlrelj,  but 
oflen  this  has  to  be  done  by  degrees,  a  great  reduction  in  amount  pre- 
«adtiig  entire  abstinence  from  it.     With  patients  who  are  "  their  own 
tumIpti  **  the  reduction  is  often  most  difficult  to  secure,  and  it  ia  neces- 
mwy  to  give  a  warning  that  not  only  will  life  be  in  danger,  but  that 
tke  pminM  will  certainly  increase,  and  continued  indulgence  will  entail 
so  great  that  any  sacrifice  would  be  made,  or  deprivation 
if  their  intensity  coiiJd   be   realised.     With   eTery  female 
driaker,  deception  should  be  considered  not  only  possible  but  probable ; 
tbose  who  are  under  the  control  of  relations  or  of  a  husband  have 
y  bod  a  long  training  in  duplicity  in  order  to  procure  atiinulnnts. 
it  is  easy  for  them  to  continue  it,  even  when  kept  in  bod.  if  they 
an»  Alteoded  by  their  own  servants.     These  are  corrupted,  and  alcohol 
is  taken  in  secret  when  the  fact  is  being  stoutly  denied.    If  a  case 
does  aoi  preseit  the  arrest  or  improvement  that  might  reasonably  be 
»ipt^7<i»^  from  the  withdrawal  of  the  cause,  such  continued  drinking 
^koold  always  be  suspected.     Hence  it  is  of  gre^it  importance  that 
staeb  patients  should  be,  whenever  practicable,  under  the  immediate 
caie  of  trustworthy  trained  nurses,  rather  than  of  their  own  servants 
or  of  ivlatives  who  may  be  improperly  influenced  or  persuaded;  if  the 
paUeot's  means  do  not  permit  this,  removal  to  a  hospital  or  some  public 
nafettiitton  is  desirable.      When  the  heart  is  too  weak  to  permit  the 
^a0m  withdrawal  of  stimulants,  the  amoxmt  taken  must  be  regulated 
^^^pily  by  the  state  of  the  pulse.     In  such  cases  total  abstinence  is 
^^^■vded  with  some  danger  of  the  cardiac  failure  which  han  been 
HbtkNied  as  one  of  the  causes  of  death.     When  the  disease  is  due  to 
Qold*  the  patient  should  be  carefully  preserved  from  risk  of  further  ex- 
pMttve,  which  during  the  early  stages  may  convert  a  slight  into  a 
wmvon  attack.     Even  in  alcoholic  cases  a  chiU  will   cause  a  rapid 
laCfMMa  m  the  symptoms,  and  both  this  and  fatigue  should   be 
atfjtfoljjy  guarded  against.     In  other  forms,  also,   these  measures, 
adopt^l  in  the  stsigB  when  pains  and  tenderness  are  the  only  or  chief 
■y^tuma,  would  oftoi  prevent  the  further  development  of  the  disease. 
PkjMal  rest  is  of  gr^eat  importance,  and  in  all  cases,  except  the 
test  in  bed  is  desirable     The  excitation  of  the  nerves  caused 
tends  to  intensify  the  morbid  process  in  them,  and  what- 
produeea  pain  has  the  same  effect*    If  the  patient  is  in  bed,  local 
can  ba  more  readily  employed,  and  the  restndnt  facilitates  the 
eoetrol  over  habits.     The  feeding  of  the  patient  is  an  impor- 
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taut  part  of  treatment,  specially  when  the  atomacli  liaa  been  deranged 
by  alcohol.  At  the  outset,  warm  fo men lut  ions  ahould  be  applied  over 
any  tender  nerves-  Care  must  be  taken  in  their  use  over  the  region 
supplied  by  the  affected  nerves,  on  account  of  the  dano^t^r  of  vesica- 
tion ;  troublesome  ulcers  may  be  caused  by  even  moflemte  degrees  of 
heat,  as  in  the  case  mentioned  on  p.  79.  Such  appMcationa,  and  also 
counter-irritants,  have  less  effett  in  the  parenchymatous  forma  than 
when  there  is  a  tendency  for  the  connective  tissue  and  sheath  to 
suffer,  and  for  their  vessels  to  l>e  involved  in  the  procefls.  A  wann 
bath,  for  fifteen  or  twenty  minutes  daily,  is  often  of  lervice  if  the 
patient  is  able  to  bear  the  necessary  procedures. 

Care  should  be  taken  that  the  patient  does  not  habitually  assume  a 
posture  that  will  promote  the  occurrence  of  deformities  The  dropping 
of  the  feet  is  tlie  greatest  danger,  and  should  be  prevented  by  a  large 
and  heavy  sand-bag  about  nine  inches  in  diameter,  which  may  be 
adaf lU^d  to  the  position  of  the  feet,  or  by  a  board  placed  across  the 
bed.     Frequently  such  a  boot  as  that  figured  (Fig.  61)  is  of  great 

Fia.  61.* 


service  in  preventing  or  minimising  contraction  of  the  gastrocnemiL 
Another  danger  is  the  habitual  flexion  cf  the  knees,  permitting  ft 
**ontraction  of  the  hamstring  muscles,  and  due  to  the  discomfort  that 
is  caused  by  extension  of  the  knees  ;  this  should,  however,  be  insisted 
r*u,  because  the  initial  discomfort  soon  passes  away  if  extension  is 
adopted  frran  the  outset.  The  extension  of  the  ktieea  involves  that  of 
the  hip- joint,  and  pi-events  contraction  of  its  Uexors. 

No  drug  has  any  very  marked  influence  on  the  morbid  process.  It 
has  been  seen  tlmt  multiple  neuritis  tends  to  lessen  after  its  cause  has 
ceased  to  act,  and  under  such  conditions  it  is  easy  to  come  to  the  con- 
clusion that  dmgs  do  good  w^hich  merely  do  not  hinder.  Mercurv, 
which  is  certainly  useful  in  i8<:dated  perineuritis,  has  little  influence 
on  the  parenchymatous  form,  but  it  may  be  ti-ied  in  any  case  in  which 
it  seems  probable  tliat  the  sheaths  are  primarily  affect^^,  and  in  which 
pain  or  tenderness  in  the  larger  nerve-trimks  is  a  prominent  svin* 
ptom.  During  an  acute  febrile  onnet  the  treatment  should  be  that 
*  ?or  foU  dencription  of  tbii  simple  apptrstui»  see  '  Clinical  Juuriial,'  Murcb  (Sch,  189a. 
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adapted  to  tlie  general  state.  a.nd  must  differ  according  to  its  cause 
In  such  an  onset  of  an  alcoholic  neuritis,  citrate  of  potash,  nitrous 
ether,  and  compound  tint-ture  of  cinchuna  are  suitable,  with  a  little 
digitalis  if  there  ia  feebleness  of  the  pulae.  When  due  to  cold,  sali- 
cylate of  soda  maj  be  given,  or,  if  the  iittAck  has  been  predispose*!  to 
bv  alcohol,  salicylate  of  potash  may  be  sul>stitutt>d  so  as  to  avoid  the 
retention  of  uric  acid  in  the  system  bj  tht*  soda.  The  probability  of  a 
gouty  state  of  the  system  should  be  remembered  in  all  cases  in  which 
there  is  a  history  of  alcoholism.  In  the  toia;mic  forms  in  whiih 
th;?re  is  a  suspicion  of  a  blood-atat^  allied  to  that  of  septicaemia,  no 
di  iig  affords  such  a  prospect  of  influence  as  the  tincture  of  the  per- 
chloride  of  iron  in  full  doses,  20—30  minims  three  or  four  times  & 
day.  Aft-erwards,  when  tlie  actual  onset  is  over»  and  from  the  tirst  in 
the  more  chrcmic  cases,  tonics  answer  best^iron,  quinine,  or  small 
doses  of  strychnine.  Iodide  of  potassium,  for  some  re^ison,  seems  to 
do  good  only  in  the  chronic  sensory  form.  In  this  also  arsenic  has 
been  found  useful^  but  arsenic  should  be  given  with  caution,  and  in 
small  doses  ;  there  is  some  dang^er  that  large  doses  may  intensify  the 
malady,  since  polyneuritis  is  one  of  the  effects  of  clu'onic  poisoning  by 
arsenic,  and  has  actually  been  produced  by  the  medicinal  use  of  the 
metal.  Cod-liver  oil  is  useful  in  the  later  8ta£,'es,  esp^icially  if  there  is 
impairment  of  general  nutrition.  In  alcoholic  cases  the  addition  of 
cocaine,  -^a  to  |  grain  to  each  dose  of  whatever  is  taken,  aids  in  lessen- 
ing the  craving  for  stimulant.  When  due  to  nmlariuJ  poisoninp:, 
quinine  may  be  given  fnn^y.  The  complications  of  multiple  neuritis 
do  not  need  other  treatment  than  that  suitable  to  them  when  they 
occur  alone,  nor  do  they  indicate  any  special  in  odifi cation  in  the  treat- 
ment of  the  disease  of  the  nerves. 

In  most  cases  the  pain  is  such  as  to  render  anodynes  necessary. 
Of  these,  morphia,  by  hypodermic  injection,  is  the  most  effective,  but 
should  be  employed  only  as  a  last  resource,  and  so  regarded  will  not 
often  be  found  necessary.  Its  danger  is  the  readiness  with  which 
those  persons  who  were  previously  alcoholic  Ijeeome  habituated  to  it. 
It  may  be  given  by  the  mouth  with  less  risk,  but  in  other  drugs  we 
may  find  a  substitute  that  is  effective  in  most  cases.  Injections  of 
cocaine  beneath  the  sliin  over  the  seat  of  pain  often  afford  considerable 
relief,  and  cocaine  may  thus  he  given  instead  of  by  the  mouth,  securing 
tlie  double  object  of  lessening  at  once  the  \m&l  pain  and  the  ci-aving 
for  stimulant — which  ia  reheved  almost  as  effectually  when  cocaine  is 
given  bv  the  skin  as  by  the  mouth.  Atropine  may  also  be  giveJi 
hyix)dermieally.  In  antipyrin  and  acetanilide  we  have  drugs  of 
another  nature,  that  often  give  ^reat  rebef  to  spootaneous  pain* 
Indian  hemp  may  also  be  given  rt?gularly  without  hurm,  and  without 
interfering  with  the  occasional  admin isti-at ion  of  other  anodynes ;  whUe 
to  procure  sleep,  if  pain  is  slight,  reliance  may  be  placed  on  bromide. 
Bul phonal,  trional,  or  chloralamide.  Antipyrin  also  often  gives  a  patient 
•    ^ood  night  in  spite  of  some  pain.     When  there  is  meutal  excitement 
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hjoBcine  is  useful,  especially  bj  hypodermic  mjection  in  doses  of  ^^  to 
t4tt  or  T*^  of  a  gram. 

The  application  of  electricitj  to  ttie  pandyaed  musclca  is  important 
in  order  to  maintain  their  nutrition  in  as  good  a  state  as  possible 
during  the  process  of  recovery  of  the  nerves.  Only  voltaiam  has  the 
power  of  doing  this,  and  should  be  applied  daily,  large  sponge-holders 
being  employed  so  that  the  cmrent  may  reach  as  much  muscular 
tissue  as  possible ;  only  sxich  a  strength  should  be  employed  as  wiU 
produce  visible  contra^*tiou  and  cause  no  after-pain.  Yoluntary  mus- 
cular action  constitutes  a  more  effective  stimulus  to  nutrition ;  but  if, 
although  the  muscle  can  be  put  in  action  by  the  will,  there  is  loss  or 
great  diminution  of  fanidic  irritability,  or  an  excess  of  voltaic  irri* 
tability  shows  that  some  fibres  are  in  an  abnormal  state  in  coeseque]ic>e 
of  the  degeneration  of  their  nerves,  voltaism  may  still  be  applieil  with 
advantage.  There  is  no  evidence  that  the  application  of  electricity  to 
the  nerves  has  any  influence  on  their  regeneration.  Slight  sensory  loss 
is  sometimes  lessened  in  the  chronic  stage  by  the  application  of  faradism 
by  the  wire  brush. 

The  tender  limbs  may  be  wrapped  in  cotton  wool,  with  or  without 
a  covering  of  oiled  silk.  Massage  is  of  sei-vico  in  the  later  stages  of 
the  disorder  for  its  influence  on  the  nutrition  and  circulation  in  the 
affected  limbs.  An  upward  movement  of  the  presaing  hand  helpi  the 
circulation  uf  flaid  in  the  vessels  and  in  the  tissues.  It  cannot  be 
borne  during  the  acutely  painful  stage,  and,  indeed,  as  long  as  it  gives 
pain  it  probably  has  more  capacity  for  harm  than  for  good.  In 
the  Liter  stages  it  helps  t-o  overcome  the  couti'acture  of  the  miiscleSj 
which  should  be  gently  extended  at  the  sauuj  time  as  they  are  rubbed, 
— pressure,  for  instance,  Ijcing  made  upon  the  ball  of  the  foot  at  the 
same  time  as  the  calf  muscles  are  nibbed. 

The  very  long  course  of  all  severe  cases  makes  a  heavy  demand  on 
the  patience  of  the  sufferer  and  the  pierseverance  of  the  medical  practi- 
tioner ;  but  the  prolonged  convalescence  has  the  advantage,  in  alcoholic 
cases,  of  enabling  a  habit  of  abstinence  to  be  formed.  This,  wiih  the 
recollection  of  what  has  been  endured,  renders  multiple  neuritis  more 
often  a  cur©  of  intemperance  tlian  any  other  of  the  many  maladies  to 
which  alcohol  gives  rise,  Dui'ing  the  slow  recovery,  the  measures 
above  indicated — tonics,  elt^tricity,  and  massage— should  bo  con- 
tinuied.  As  already  stated,  the  power  of  standing  is  interfered  with 
for  a  time  after  the  muscles  have  regaineil  adeqmite  strength,  by  the 
oontraction  of  the  gastrocnemii,  causing  a  degree  of  tali{H*s  equinus. 
Tills  is  often  so  considerable  as  to  suggest  the  desiriibility  of  dividing 
the  tendo  Achillis,  but  the  operation  is  seldom  if  ever  necessary.  The 
attempt  to  stand  and  walk  constitutes  a  powerful  means  of  extension 
of  the  calf  muscles,  before  which  they  soon  yield  suflSciently  to  permit 
the  balance  of  the  body  to  be  maintained,  and  then  progress  Ix-comcs 
more  rapid.  The  contraction  at  the  knee  and  hip  is  mon?  difficult  io 
get  rid  of,  but  generally  yields  in  time  to  ]>er!M?vcrin^'  and  gentle  efforts. 
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Acxrrx  Multiple  Myositis,    Ao^tb  Poi,tmtositi8. 

Ik  rare  c&aes  there  occurs  an  acute  interstitial  inftammatioii  of  the 
muscles^  which  presents  a  g<?tieral  resemblance  in  difltribution,  and  in 
toxic  causationt  to  the  acute  polyneuritis  we  have  juet  t'onsidereii, 
but  differs  in  the  facta  that  the  affection  of  the  nerve- fibren  is  trifling 
and  evidently  subordinate,  and  that  the  subcutaneous  fibrous  tissue  is 
usually  also  infiamed,  causing  cedema  and  erysipelafoid  dermatitis. 
This  is  aometimes  absent  while  the  nerves  are  occasionally  inflamed  in 
greater  degree,  precluding  an  absolute  separation^  although  most  cases 
present  a  sufficiently  uniform  difference  to  make  a  distinetive  type. 
The  malady  is  so  uncommon,  and  the  cases  that  have  been  met  with 
liave  varied  so  much  in  severity  and  precise  causation,  that  they  hardly 
do  more  than  illustrate  the  variety  of  special  form  which  may  b^  as- 
sumed by  such  toxic  maladies,  and  which  indicate  corresponding 
features  in  the  poison  which  causes  them.  The  symmetry  of  its  mani- 
festations is  conclusive  evidence  that  the  blotni  is  its  vehicle,  and  the 
facta  that  a  suurce  of  definite  poisoning  can  often  be  traced,  while  the 
distal  parts  of  the  limbs  are  commonly  the  first  to  suffer,  constitute  a 
conspicuous  connection  with  polyneuritis. 

Although  not  a  primary  affection  of  the  nervous  system,  its  relations 
justify  its  mention  here,  especially  since  its  fnatures  have  enough  in 
common  with  the  acute  form  of  multiple  neuritis  to  involve  some  risk 
of  oonfusion  in  diagnoais. 


EITOEMTO  ITEITEITIS, 
MaLA-BIAIj  Neitbiti8, 

The  clear  evidence  that  has  n  ecu  mutated,  showing  the  dependence 
of  multiple  neuritis  on  toxic  blood-statea,  some  connected  with  an 
organismal  virus,  prepares  us  to  find  that  it  often  results  from  the  pro* 
ducta  of  the  growth  of  or^^anisms  of  endemic  character,  auch  as  cause 
the  malarial  fevers  of  which  we  are  able  to  discern  a  variety  of  fonns. 
ConapicuouB  among  them  is  the  malady  known  generally  by  the  name 
of  "beri-beri,"  but  a  simpler  form  of  neuritis  palsy  is  more  coiumou, 
although  absolutely  infrequent.  Various  forms,  however,  result  from 
the  untypical  varieties  of  malarial  disorder^  and  their  occurrenee, 
causfition,  and  rel.itiona  are  still  only  imperfectly  discerned,  met  with, 
as  they  are,  chiefly  in  tropical  couutrier^. 

The  characteristic  form  involves  chiefly  the  motor  nerves,  usually  of 
the  legs,  and  is  met  with  espe  ially  in  India  and  on  the  coasts  of 
Africa.  The  arms  suffer  only  in  severe  and  prolonged  cases.  It  is 
usually  subacute  in  course,  and  the  resulting  disability  entails  early 
removal  from  the  causal  conditions,  v.  hieh  lesaens  much  the  d^mger  to 
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life  that  ia  involved.  Secondary  C4>Titractiire  in  the  mnscleB  ia  eepeci- 
al!v  eomraoD,  and  constitutors  a  trou?>lesome  sequel,  prolonging  for 
mouths  the  inability  to  walk^  unless  prert-nted  by  the  means  described 
elsewhere. 

Sensory  Bymptoms  of  various  characters  may  be  the  leading  features 
in  other  cases  in  which  the  organisms  ai-e  peculiar  in  their  nature,  and 
these  gire  rise  to  symptctma  which  are  prone  to  set  up  special  difti- 
ctilties  in  diagnosis,  unless  their  proliable  nature  is  suspected,  and  thd 
significance  of  the  exposure  to  the  cause  is  perceived,  and  receiTes  due 
weight. 

Bebi-bebi. 

Beri-beri,  the  Kak-ko  of  Japan,  is  also  known  by  Tarious  popular 
names  in  the  several  countries  of  which  it  is  native.*  It  is  a  wide- 
spread disease,  passing  by  a  contagion  that  is  readily  conveyed  and 
propagated,  having  apparently  its  chief  homes  in  Japan,  the  Eastern 
Archipelago,  India,  New  Zealand,  Ceylon,  the  South  Pacific  Islands^ 
and  the  coast  of  Brazil.  It  is  especially  prevalent  in  the  Dutch  East 
Indies,  among  the  soldiers  and  in  the  prisons,  and  this  led  to 
its  systematic  investigation  under  the  direction  of  the  Netherlands 
Government,  Through  this  our  knowledge  of  the  malady  was  much 
increased,  especially  by  the  inTestigations  of  Pekelbarin^  and  Winkler,t 
who  had  a  large  number  of  cases  under  their  observation  both  during 
life  and  after  death.  Still  more  recently  a  troublesome  outbreak 
occurred  at  a  lunatic  asylum  at  Dublin.  Opinion  as  to  ita  nature 
and  cause  has  varied  much,  and  stiD  is  far  from  uniform  among  those 
who  have  studied  it ;  but  there  ts  a  strong  preponderance  of  evidence 
that  it  depends  on  a  specific  organism,  and  that  symmetrical  peripheral 
neuritis  is  the  i^ommon  effect  of  the  virus,  and  the  mechanism  by 
which  its  chief  symptoms  are  produced.  The  organisms  found  J  are 
in  the  form  of  rods  and  cocci,  but  it  is  probable  that  these  are  only 

*  Beri-beri  m  ^roUubly  a  luoditlcatiun  of  th^  Citi^&left«  Duma  Tor  ibe  diseaw,  b«!iT« 
b«rt  «  exLrtfme  weftknvis.  Kak-k^  is  the  old  Chineso  nuime  for  it,  bjr  whicb  it  i» 
uieoiioned  in  their  iitcdiical  iworks  since  200  B.o. ;  it  h  derived  from  two  words, 
mettuinj?  "leg***  »iid  "diaeiiae."  The  afTetticju  diBiippoMroil  from  Chinft  two  cea- 
turiea  B|ifO,  renifthdng  in  Japan,  wtiere  it  continues  a  tuont  Kfrinnii  endemic  mnladj. 

t  PekeUiariDji^  nnd  Winkler,  *Onderxoek  oanr  den  anrden  de  oorziuik  der  Beri- 
lieri/  Utrecht  (i^ep»  pubUcfttion).  1889,  analysed  in  the  ♦Ceutralbl.  f.  Nervenkr.." 
1889;  »lt>o  •  Wofkbljid  f.  Nedt;rl.  Geneesk./  1S8S^  atul  •  Dent,  raed*  Wo«  bermchr.,' 
1886,  No.  80»  Other  iinpurtant  eoutribtitiona  tti  the  Mibjet't  ape  by  Bfth. 
•  Zeitachr.  f.  kL  Med.,'  1881;  Schenbr,  ib.,  1882  j  Weintrtinb,  •  Wicn.  med. 
VVoeheuacbr./ 1888,  No».  23—44;  Vau  Kt-cke,  '  TIjdschr.  v.  Nederl.  Indrc/  1887, 
p.  71;  Wernicb,  *  Vtrcbow'a  Arthiv/  Bit.  Ixii ;  Miurn,  '  Virchow'a  Arehiv/ 
Hd.  cii  and  iv\iv,  whose  conclusions,  howevt-r,  differ  from  those  of  most  investi* 
(jHlors;  Segoiii,  '  Pbil.  Mfd.  niid  Surg.  Kep.,'  1888;  and  Springtborpe,  'AiutralUn 
Med.  Journal,'  1889.  M\t,  in  18B1«  expressed  the  opinion  thai  the  disease  was 
a  specific  *•  panneuritis." 

X  Fir«t  described  by  Btil&  and  Scheube,  and  since  br  Fekelharin^  and  Winkltir,, 
Eigkman^  Weintraub,  Spring tborpe,  and  others. 
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.different  stupes  in  tlie  development  of  the  same  apecies.  They  hav<' 
boen  cultivated,  and  peripheral  nemitie  of  nearly  the  same  distribution 
as  in  beri'beri  has  been  produced  hj  their  inoculation.  Repeated  in- 
oculations are,  however,  necessary  for  this  result  to  be  produced ;  and 
bence,  frum  tiiis  and  the  phiinomena  of  the  disease,  it  is  assumed  to 
be  not  a  simple  infectious  malady,  capable  of  being  induced  by  a 
single  exposure  to  its  cause,  but  one  in  which  repeated  opportunities 
for  infection  are  necessary.  In  liarraony  with  thia  are  the  facta  that 
sufferers  acquire  the  disease  from  reaidenoe  in  certain  infected  houses. 
or  places  in  which  it  is  supposed  that  the  soil  is  saturated  with  iha 
organisms;  that  they  may  rapidly  recover  on  removal  to  a  district 
that  is  free,  and  relapse  only  on  returning  to  an  infected  place ;  that 
it  prevails  where  persons  are  gathered  together,  as  in  barracks  and 
prisons;  and  that  the  air  of  these  places  is  found  to  contain  the 
organiams  which,  collected  from  it,  will  cause  the  disease  in  animals^ 
from  whom  it  is  transmissible  to  others  by  further  inoculation.  The 
serious  extent  to  which  it  may  spread  among  those  who  live  together 
under  conditions  favouring  its  extc'usion,  is  shown  by  the  instance  o£ 
a  ship  amving  in  Japan  from  New  Zealand  after  a  voyage  of  272 
days.  The  disease  Bpr«?ad  on  board  so  rapidly  that  alto^^'ether  169 
casea  occurred,  with  twenty -five  deaths.  In  1878  no  less  than  38  per 
cent,  of  Japanese  soldiers  were  affected.  It  is  probable  that  the  in- 
halation of  dried  organisms  floating  in  the  air  as  part  of  "  dust/*  is 
the  chief  way  in  which  the  diieaae  ifl  propagat(^»  By  some  it  has 
been  thought  that  a  nitrogenous  diet  induces  or  predisposes  to  the 
disease^  and  facts  apparently  supporting  the  opinion  hare  been 
adduced ;  an  exclusive  fish  diet  has  been  thought  t<i  cause  it,  and  su 
also  has  a  rice  diet,  A  remarkable  outbreak  in  Manila  in  1880  followed 
a  period  o(  rice-eating  during  a  cholera  epidemic.  These  influences 
probably  merely  produce  susceptibility.* 

It  is  a  remarkable  fact  that  Europeans  seldom  suffer.  Males  are 
moro  liable  to  the  disease  than  females,  and  it  is  chiefly  prevalent 
during  the  hot  season. 

S^tiiptomis. — Pcripherid  symmetrical  neuritis  is  a  oonstant  feature 
of  the  makuly,  which  is  usually  chronic  in  course  and  gradual  iu 
onset,  but  jirone  to  undergo  a^iute  exacerbations.  These  have  been 
generally  regarded  as  acute  forms  of  the  disease,  but  it  is  said  by 
Pekelharing  that  the  symptoms  of  neuritis  may  always  be  discovered 
l>efore  the  onset  of  tlie  definite  symptoms,  and  this  when  the  patient 
is  ignorant  of  their  existence  and  feels  quite  well.  Most  observers 
have  failed  to  recognise  thia,  and  it  is  probably  true  only  under 
certain  conditions,  and  porsons  suddenly  exposed  to  an  intense  infec- 
tion may  suffer  acutely  from  the  very  commencement.     OccasionaDj 

*  Putnam  ('  B«>«t<>u  Med.  mid  S^irg.  Joarnal,*  1800)  (uid  Birge,  in  t\m  Batna 
periodicn),  <leicnl»e  n.  form  at  ueuritis  verj  like  beri-beri  0€curriri(;  in  wqu  long  at 
lea  eng^nged  iu  fishing;,  with  poor  food.  In  eoiue  of  the  cutes  scurvy  wai  ftlio 
preaetjt. 
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ly  derelopA  with  extreme  rapidity  and  aeyen^^lff^he  ^'^iSi 
ImA  man  J  oases  are  chrome  throughout,  and  laat  for  months.        «^ 
llftiillg  Bymptoras  are  those  of  multiple  neuritis  (chieflr  aifectin^  ^*/i 
|if»  and  the  cardiac  branches  of  the  ragua),  dropsy,  and  sjm^tomB     ^  ■ 
fianliiio  failure.     The  amount  of  urine  is  generally  lessened,  and  ^  ,# 
jjCtftAon  may  be  almost  asup pressed  in  acute  cases.     A.  '*crii)<^ 
Imrsaso  in  the  secretion  may  mark  the  commencement  of  improTt"' 
iHat.     It  is  unchanged  in  chamcter,  and  does  not  contain  albumen^ 
The  dropsy  is  a  very  variable  symptom,  and  this  has  led  to  the  di*' 
tmction  of  two  forms,  the  dry  and  the  dropsicaL     Pekelharin^  JiTJtl 
Winkler,  however,  found  some  effusion  of  fluid  almost  invariably  after 
ih^uth,  aud  it  is  probable  that  its  conspicuous  presence  or  abMBO^ 
diipcinds  chietiy  on  the  state  of  the  heart  (conditioned  by  that  o!  iU 
nurves),  and  partly  on  the  trophic  and  yaso-raotor  disturbanoet  due  to 
the  local  neuritis.     One  very  constant  symptom  is  g&id  to  be  a  di»' 
agreeable  epi^^astric  sensation,   yariously   described   as  pain,  dng- 
l^iiig,  «&c.,  sometimes  very  severe.* 

The  earliest  symptoms  are  a  change  in  the  electrical  ejcitability  d 
tho  peroneal  nerves  and  the  flexors  of  the  ankles  (which  suiter  mcNt 
throughout) — a  slight  degree  of  the  reaction  of  degeneration,  quantita- 
tive  and  oft^^n  qualitiitive,     These  are  often  to  lie  found  before  there 
iLTe  any  subjx-tiye  symptomn*  whirh  begin  as  a  sense  of  heavineet  of 
the  legs,  readiness  of  fatigue,  dyscesthesiie  and  diminution  of  tactile 
lu^usibility  in  the  lower  limbsi,  palpitation  and  undue  excitability  of  the 
heart.     The  electrical  changes  may  be  met  with  in  slight  cases  which 
proctHfd  no  flirt  her,  t  aod  have  shown  that  some  patients,  supposed  to 
bo  Bhumming,  were  real  sufferers.     To  these  subjective  symptoms  are 
added  other  objective  signs, — oedema  along  the  edge  of  the  tibis,  a 
poouliar  pasty  and  stiff  aspect  in  the  face,  an  increase  in  the  cardiAc 
dnlnest  to  the  right,  roughness  of  the  first  and  accentuation  of  the 
pulmonary  second  sound.    These  symptoms  may  increase  slowly,  or 
rapidly  in  the  form  of  an  acute  stage.     The  degenerative  reaction 
becomes  complete  in  the  muscles  first  affected,  and  they  become  !«*«• 
lysifd  and  undergo  the  characteristic  atrophy,  while  other  nerves  and 
musclos  progressively  suffer  in  the  same  manner, — the  calf  muscles,  tha 
extA-^nsors  of  the  kne3,  the  aiMuctors  of  the  thigh,  and,  lastly,  the 
flexors  of  the  thigh  and  the  abductors  of  the  hip.     In  the  tnmk  the 
abduminal  muscles  and  intercostals  may  be  involved,  and  in  sevens 
cases  the  arms  are  paralysed,  first  the  extensors  of  the  wrist  and 
fingers,  XvlUhx  the  flexors,  and  sometimes  most  of  the  muscles,  ma?  be 
so  atrophied  as  almost  to  disappear.     The  face  often  suffers:  the 
diaphrugm  may  become  pai-alysed,  and  also  the  larynx  (the  inferior 
before  the  suj)erior  larynginil  uerve)  ;  while  grave  cardiac  weatEnest 
nnd  incn-asing  dilatation  <^t  the  heart  testify  to  the  serious  impUca- 
titm  of  the  cardiac  branches  ol  Ottft  Tagus.    Simultaneously,  sensoi^ 
•  Von  Tinelioj^ivB,  •   \^Tic«t/  IW*,  voV.  i'»,  p.  I  m. 
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lymptoms  derelop,  ooirespoEding  in  distribution  to  tne  more  soTere 

tuotor  eymptoniB ;  sensibility  to  toucli  is  lessened  or  lost  (first  en  the 

inaer  side  of  the  lower  limb),  while  that  to  pain  ustiallj  remums^  and 

sometimea  is  auj^mented  to  the  degree  that  constitutes  what  has  been 

termed    **  anffistheeia    dolorosa."       The    temperature- stas*:'    niaj   be 

diminished  to  either  heat  or  cold  or  both  in  various  parts,  and  there 

is  often  considerable  loss   of  cutaneous   seusitiveness   to   faratiism. 

There  may  be  tingling,  formication,  and  other  dyBseflthesiaB,  together 

^ith  tenderness  of  the  nerves  and  muscles,  but  far  less  in  d^^gree  than 

in  most  forme  of  polyneuritis,  and  t-hiefly  marked  in  the  early  stage  of 

tlie  disease. 

The  oedema  that  is  so  conmion  begins  in  the  legs,  usually  spreads 
widely,  and  involves  not  only  the  subcutaneous  tiNsue  but  t  lie  cavities 
of  the  peritoneum,  plexira,  and  peri<jarc!ium :  in  the  last  it  srriously 
impedes  the  action  of  the  already  dilated  and  feeble  ht-art.  It  is  to 
cardiac  failure  that  death  is  commonly  due ;  the  other  chief  mum 
is  failure  of  the  respiratory  muscles,  aided  generally  by  effusion  into 
the  pleural  cavities,  and  accompanied  by  the  indications  of  cardiac 
weakness,  and  of  dilatation  3f  the  right  side  of  the  heart.  From  this 
cause  the  cardiac  dulness  souietimes  increases  rapidly,  even  in  a  few 
hours.  The  oedema  is  usually  attended  by  increasing  antemia,  which 
doubtless  facilitates  its  occurrence.  Thes^^  symi>fom8  are  always  later 
in  development  than  are  those  due  directly  to  the  neuritis.  In  the 
most  acute  cases  the  definite  symptoms  take  commonly  six  or  eight 
weeks  to  run  their  course^  and  the  usual  dur.ition  of  the  malady  is 
several  months.  Death  from  the  heart  failure  is  usually  prolonged, 
and  accompanied  by  much  distress.  Occasionally  a  very  acut?*  form 
I  prevails,  in  which  rapid  failure  of  the  heart  and  various  eifusions 
lead  to  death  in  about  a  fortnight,  and  cause  a  moilality  of  60  and  70 
j>er  cent. 

Fatkologieal  Anatomy. — The  only  constant  changes  are  in  the  nerves, 
but  some  serous  effusion  is  almost  invariable.  Thus  Pekelharing  and 
Winkler  found  an  eicess  of  fluid  in  the  cellular  tissue  in  S'S  out  of  85 
cases — about  97  per  cent^  The  pericardial  fluid  was  increased  in  67 
per  cent,  of  the  cases,  in  about  23  per  cent,  there  was  hydrothorai, 
and  ascites  in  14  per  cent. 

The  changes  in  the  nerves  are  often  indistinct  to  the  naked  eye, 
although  always  conspicuous  under  the  microscope.  They  are  met 
mth  in  both  motor  and  sensory  branches,  and,  in  advanced  cases,  in 
the  nerves  of  the  vessels.  They  are  always  greatest  at  the  terminal 
portions,  lessening  upwards,  while  the  nerve-roots  and  spinal  cord 
are  always  normal,  with  the  doubtful  exception  of  vacuolation  of  the 
motor  cells.*  and  some  degeneration  of  the  fibres  of  the  posterior 
column  in  a  few  cases.f  The  first  change  is  an  increase  in  the  seg- 
mental nuclei,  shrinkage  of  the  medullary  sheath  at  the  nodes,  and  a 
•  Miuni,  loc.  fit, 
t  Ytkn  Eeeke,  loc.  cifc. 
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peculiar  "lumpy"  degeneration  of  the  medulla,  sometimes  replaced 
by  a  "foam-like"  appearance  in  it,  concealing  tfcie  aris-cv linden 
Both  changes  are  often  ac^jompanied  hj  the  formation  of  granule 
corpuscles.  These  slighter  changes  are  found  chiefly  where  the  leaion 
ig  commencing,  and  especially  in  the  ragua  and  phrenic  nerves,  in 
which,  nec4^88arily,  a  considerable  dej^ree  of  change  in  incompatible 
with  life.  They  have  been  seen  in  the  branches  within  the  heart,  in 
some  of  the  fibree  of  the  trunk,  and  in  the  laryngeal  nerves.  Where 
the  change  in  the  nerves  is  more  advanced,  the  white  substance  is 
entirely  broken  up,  and  the  axis-cylinder  presents  segmentation  or 
irregular  swellings,  or  has  disappeared,  and  the  increase  in  the  nuclei 
of  the  neurilemma  sheath  is  still  greater  than  before.  The  blood* 
vessels  of  the  nerves  are  but  little  changed  in  the  early  stage  ;  after  a 
time  they  may  present  some  thickening  of  the  wall,  accompanied  bj  a 
general  increase  in  the  amount  of  the  interstitial  tissue ;  but,  as  a  rule, 
there  is  an  absence  of  any  signs  of  interstitial  inflammation— tht* 
changes  are  essentially  parenchynmtous. 

In  the  muscles  there  may  Ix^  at  first  a  cloudy  opacity  with  indis- 
tinctness of  the  transverse  striae,  going  on  to  granular  degeneration ; 
ur  the  fibres  may  simply  become  narrow,  preserving  their  striation. 
The  nuclei  of  the  fibre-sheath  are  always  increased  in  number,  but 
I  he  interstitial  tissue  is  generally  but  little  altered. 

Falhology.— The  charat;teristic  organisms  have  been  invariably  found 
in  the  blood,  and,  what  is  a  remarkable  instance  of  their  slow  action, 
and  of  the  cumulative  influence  needed  to  generate  the  malady; 
Pekelharing  and  Winkler  ♦  found  them  in  the  blood  of  all  the 
inhabitants  of  an  intensely  infected  pltuie,  whether  these  had  or 
had  not  symptoms  of  the  disease,  and  failed  to  find  them  in  the  blood 
of  persons  living  in  places  free  from  infection.  Cultures  from  th-} 
blm>d  reproduce  the  malady,  and  so  do  cultures  from  the  animuls 
thus  infecte<i.  The  organisms  have  not  been  found  in  special  associa- 
tion with  the  morbid  process  in  the  nerves.  It  thus  appears  that  the 
malady  bears  a  close  resemblance,  in  its  essential  features,  to  cases  of 
multiple  neuritis  due  to  a  chronic  blood-poison  such  as  alcohol,  and 
still  more  to  that  which,  as  we  shall  see,  is  presented  by  chronic 
arsenical  poisoning.  There  is  a  slow  accumulation  in  the  blood  of  a 
virus  that  has  a  s{>ecitic  action  on  the  peripheral  nerves,  and  hke  some 
others,  first  and  chiefly  on  the  nerves  of  the  legs,  but  with  a  greater 
affinity  for  the  vagus,  especially  for  its  cardiac  branches,  than  most 
others.  Although  invariably  associated  with  the  presence  in  the  blood 
of  a  special  organism,  the  absence  of  this  in  the  vicinity  of  the  lesion, 
taken  in  conjunction  with  mtjdern  researches  in  bacteriology,  makes 
it  probable  that  the  virus  is  a  chemical  substance  produced  by  the 
organism  in  its  growth.  This  brings  the  disease  into  close  affinity 
with  some  other  forms  of  mxdtiple  neuritiE,  on  which  it  throws  suffi- 

•  Also  OgaU  (1888)  iind  otben.  'I  bey  Imvo  nlco  been  found  vpikrjJigljr  in  Hid 
or^ui,  eveu  in  tba  apind  cord,  whicli  i»  oonunonlj  frM  from  diieftie. 
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cient  light  to  jutitif j  this  somewhat  fuU  account  of  a  malady  that  ia 
not  likely  practically  to  coocem  many  readers.  If  we  regard,  as  appa- 
rently we  must,  the  cardiac  failure  as  the  result  of  the  cardiac  neuritis, 
and  the  di-opsical  effusion  as  the  combined  result  of  this  and  the  local 
trophic  and  Taso-motor  influence  of  the  neuritis  (to  which,  perhaps, 
the  change  in  the  blood  should  be  added),  we  have  a  remarkable  iQus- 
tratlon  of  the  extent,  variety,  and  degree  of  the  secondary  processes  of 
disease  which  multiple  neuritis  may  produce. 

The  DiagfWfis  can  ouly  be  a  matter  of  difficulty  in  a  very  early 
case,  or  in  a  patient  who  ia  not  known  to  have  been  exposed  to 
the  infection,  or  in  consequence  of  ignoi-ance  of  the  disease.  Doubt 
may  exist,  however,  whether  in  a  given  case  the  malady  is  alcoholic 
neuritis  or  l>e^i*bt^ri.  The  former  ia  probable  if  the  arms  are  involved 
at  the  same  time  as  the  legs,  still  more  if  they  suffer  Erst;  also  if 
pains  are  severe^  cpdema  absent,  and  the  heart  unaffected.  The  con- 
verse would  make  the  endemic  malady  probable.  B«?ri-beri  has  cer- 
tainly been  intensified  by  alcohol  in  some  cases,  and  the  symptoms 
then  presented  are  a  combination  of  the  two, — pains,  associated  with 
the  weakness  and  enlargement  of  the  heart  and  the  widespread 
tendency  to  drupsical  effusion  met  with  m  beri-beri.  In  most  cases 
some  other  indication  of  the  influence  of  alcohol,  especially  enlarge- 
m«Dt  of  the  liver,  will  assist  the  diagnosis.  From  other  forms  of 
multiple  neuritis  it  is  unlikely  that  the  diagnosis  would  have  to  be 
made.  From  affections  of  the  spinal  cord  the  distinction  (chiefly 
needed  in  the  chronic  '"dn^"  variety)  depends  on  the  points  already 
mentioned  in  the  account  of  multiple  neuritis.  Acute  cases  with 
much  oedema  and  weakness  of  the  heart,  and  enlargement  of  the  right 
gide,  may  be  mistaken  for  primary  heart  disease ;  but  if  the  symptoms 
of  beri-beri  are  known,  the  aft'ection  may  be  reoognisi^d  by  the  absence 
i)f  any  indications  of  primary  valvular  disease;  while  an  eiamination 
of  the  legs  will  reveal  the  weakness  of  the  flexors  of  the  foot  and 
lessened  tactile  sensibility  in  the  skin  over  them. 

Treaiment. — Beri-beri  is  one  of  those  diseases  for  which  it  is 
probable  that  a  method  of  at  least  prophylactic  inoculation  will  be 
discovered  in  the  future.  At  present  the  destruction  of  the  orgaoisms 
by  disinfecting  agents,  or,  better,  the  removal  of  a  person  to  an  unin- 
fected district,  constitutes  the  only  means  of  preserving  him  from  the 
continued  entrance  of  the  poison-^a  measure  essential  for  successful 
treatment,  and,  in  many  cases,  all  that  is  really  necessary.  The 
limits  of  disinfection  are,  however,  reached  with  the  dwelling-house; 
and  the  great  difficulty  presented  by  ike  disease  is  the  manner  in 
which  whole  districts  are  capable  of  giving  rise  to  it,  probably  by 
the  infection  of  the  soil,  which  cannot  bo  rendered  in  nocuous. 
However,  even  within  the  narrow  limits  of  personal  use,  disinfection 
has  achieved  some  remarkable  results,  and  in  few  diseases  has  the 
light  of  pathology  given  more  useful  guidance  to  the  hand  of  the 
practitioner 
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In  most  respects  the  treatment  of  the  symptoms  of  beri-beri  does 
not  differ  from  that  of  alcoholic  neuritis.  A  special  point,  however, 
is  that  the  strengthening  of  the  heart  bj  digitalis  or  strophanthns  is 
more  often  of  urgent  importance,  and  requires  greater  care  lest  the 
feeble  fibres  be  OYertaxed.  Small  doses  should  Uierefore  be  given — 
three  or  at  most  five  minims  of  the  tincture  of  digitalis.  Bodily 
rest  is  of  paramount  importance  to  the  weak  organ,  in  order  that 
there  maj  not  be  anj  demand  on  its  energies  for  other  work  than 
that  inyolved  in  the  maintenance  of  what  may  be  termed  static 
nutrition,  and  that  it  may  be  spared  the  increased  work  necessi- 
tated by  muscular  exertion.  Strychnia,  quinine,  &c.,  may  do  good, 
but  their  use  in  this  disease  does  not  differ  from  that  in  the  more 
common  forms  of  multiple  neuritis. 


LbPBOUS  KBTTBim. 

Far  remoYed  as  leprosy  may  seem  to  be  from  the  malady  last 
described,  both  by  its  general  character  and  extremely  chronic  course, 
it  is  certainly  also  an  endemic  disease;  its  cause  must  be  sought 
in  local  influences ;  and  it  agrees  with  beri-beri  in  the  nature  of  those 
influences.  Since  the  researches  of  Carter,  Hansen,  and  Neisser 
showed  the  constant  presence  of  a  specific  bacillus  in  all  the  new 
formations  met  with  in  the  disease,  their  obserrations  have  received 
abundant  corroboration ;  the  disease  was  indeed  one  of  the  first  to  be 
proved  to  depend  on  living  organisms.  The  virus  resembles  that  of 
beri-beri  in  being  transmissible  from  individual  to  individual,  but 
differs  in  its  capability  of  passage  by  inheritance,  in  the  less  readiness 
with  which  it  passes  from  person  to  person,  and  in  the  exti-eme  slow- 
ness with  which  it  commonly  develops  to  the  degree  necessary  to 
cause  symptoms.  Years  may  elapse  after  the  last  possible  exposure, 
before  distinct  symptoms  of  leprosy  appear.  In  the  case  from  which 
Fi<s'.  63  was  taken  the  sufferer  was  a  European  of  healthy  parentage, 
\;]io  could  not  have  been  infected  within  ten  years  of  the  first  sym- 
ptoms. In  one  case  of  infection  from  adult  to  adult,  nine  years 
elapsed  after  the  death  of  the  leper  before  the  man  who  had  lived 
with  him  began  to  suffer.  When,  indeed,  a  large  quantity  of  the 
virus  is  received,  the  malady  develops  much  more  rapidly.  But 
leprosy  differs  from  beri-beri,  and  from  most  other  forms  of  multiple 
neuritis,  in  the  fact  that  although  inflammation  of  many  nerves  is 
frequently  a  part  of  the  disease,  it  is  not  an  essential  part  or  a 
constant  feature  of  the  affection.  On  the  contrary,  it  is  only  one 
Df  an  extensive  series  of  lesions,  inconstant,  not  only  in  its  occur- 
rence, but  in  its  seat  and  extent.  It  characterises  a  special  variety 
Df  the  disease,  the  "  anaesthetic  leprosy,"  in  which  not  only  areas  of 
the  skin  become  insensitive,  but  the  ends  of  the  fingers  may  suffer 
such  an  impairment  of  their  nutrition  that  they  are  lost.     Moreover, 
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ms  we  hB,r&  nen  in  the  introdactorj  seeticm,  tiie  wmt  of  stnct  sjm- 
metrj  is  associated  with  an  important  diffierenee  from  the  ^mmetricml 
forms — the  neuritis  is  not  a  parenehTmatous  or  degeneratiTe  fonn, 
but  is  a  perineuritis  and  interstitial  neoritij,  and  the  damage  to  the 
fibres  is  secondary.  This  change  in  the  connectire  tissne  is  asso- 
ciated with  the  actnal  presence  of  the  organisms  in  it.  The  nemitis 
thus  seems  to  be  due  to  the  direct  action  of  the  bacilli  on  the  affected 
tlssnest  and  not,  as  in  beri-beri,  to  a  Tirus  drcnlating  in  the  blood — 
not  to  a  product  of  the  organisms,  but  to  the  organisms  themselres. 
This  fact  enables  as  to  understand  better  its  peculiar  features,  and 
especiallj  its  irregular  distribution;  the  inflammation  occurs  where 
the  organifims  happen  to  fix  themselres  in  the  connectiye  tiBsue,  and 
although  certain  common  conditions  on  the  two  sides  maj  determine 
a  partial  correspondence  in  the  nerves  affected,  there  is  not  the  sjm- 
metry  that  results  from  an  action  on  like  structures  on  the  two  sides, 
equ^y  accessible  to  the  rirua.  In  this,  and  in  its  connective-tissue 
seat,  the  neuritis  of  leprosy  resembles  more  the  isolated  neuritis  of 
syphilis,  rather  than  the  common  varieties  of  the  multiple  form.* 

The  symptoms  of  the  malady  are  extenatre  and  Tarious,  but  only 
those  that  consist  in  derangement  of  the  functions  of  the  nervous 
system  concern  us  here,  and  it  is  alike  needless  and  impracticable 
to  describe  the  others.  The  nervous  symptoms  of  leprosy  depend 
almost  exclusively  on  ioilajnmation  of  the  nerves.  These  symptoms  are 
muscular  wasting  and  ansesthesia«  greatest  in  degree  towards  the  ex* 
tremities  of  the  limbs,  but  more  or  less  irr^ular  in  situation,  and  in 
the  region  of  the  distribution  of  nerve-trunks,  which,  if  accessible,  are 
obviously  diseased.  The  symptoms  are  not  confined  to  the  limbs,  but 
are  also  met  with  in  the  face,  where  an  affection  of  the  fifth  nerve  may 
cause  ansesthesia,  and  movement  may  suffer  from  involvement  of  the 
trunk  of  the  facial  nerve,  so  that  the  eyelids  cannot  be  completely 
dosed.  The  form  of  sensibility  that  is  impaired  ako  varies ;  sometimes 
touch,  sometimes  pain  is  lessened  in  greater  degree,  but  usually  all 
forms  are  implicated  to  some  extent.  The  legs  often  suffer  before  the 
arms,  but  a  special  ordejr  of  affection  cannot  be  distinguished.  There 
may  be  unpleasant  tingling  sensations,  but  pains  are  usually  trifling, 
perhaps  because  the  process  is  ertremely  chronic.  In  some  cases  there 
may  be  severe  pain  in  the  position  of  the  nerves  or  deeply  seated  in 
the  limbs.  The  inequality  of  the  affection  of  the  fibres  of  the  same 
nerve  is  shown  by  the  fact  that  the  knee-jerk  may  persist  although 
the  extensors  of  the  knee  are  partially  paralysed.  Fig.  62  shows  the 
distribution  of  anaesthesia  in  the  hands  in  a  well-marked  example 
of  this  disease  which  came  under  my  obseiration  some  years  ago. 
The  patient  was  a  Creole  of  Mauritius,  who  had  come  to  England 
in  early  childhood^   and  presented  the   first  distinct  symptoms  at 

•  Qerlacli  (*  Vlrch,  Arch.,*  cxxv,  'Keur.  Cent.,'  1891,  p.  464)  anjs  infection  it  ffom 
•kin,  hrmnehe*  of  nerrea  being  then  affected  und  finallj  the  nerve*trank^  ao  that 
may  be  teen  infiltrated  when  nerrea  atiil  reniMin  tree. 
VOL.  I.  18 
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twelre  years  of  a.go — cbangea  in  the  pigmentation  of  the  skin,  ausDS- 
thesia,  and  muacular  wasting.     They  eteadily  int-reased  during  the 

next  four  vt^ars,  the  ansesthesia 
extending  each  half-year  from 
one  £nger  to  another.  There 
was  also  patchy  anivsthesia  of 
the  h^gs  helow  the  knee.  As 
the  tig^ure  shows,  the  loss  of 
sensation  does  not  correspond 
in  area  to  nerve  distribution. 
This  dc'j>endfi  on  the  fact  that 
even  when  all  the  nerves,  in- 
cluding those  of  the  fingers,  are 
diseased,  all  the  £bres  may  not 
be  destroyed  in  any  one  nerve^ 
so  that  some  sensibility  exista 
in  each  nerve  area.  Various 
perversions  of  seneibility,  spon- 
taneous *•  dysaesthesi©/'  ting- 
ling,  formieution,  and  the  Lte, 
may  precede  the  loss.  The 
latter  usually  occurs  gradually, 
hut  sometimea  so  suddenly  aa 
to  suggest  some  secondary 
vascular  lesion,  hemorrhage  or 
thrombosis,  in  the  vessels  of  the  nerve  that  is  the  seat  of  the  process 
— a  possible  result  in  its  early  and  most  active  stage.  It  must  he 
remembered  that  in  all  inflammations  of  the  sheath  and  interstitial 
tissues  this  proceeds  to  a  considerable  degree  before  the  fibres  of  the 
nerve  suffer,  and  thus  sudden  loss  of  sensibility  does  not  show  that 
the  nerve  wbjr  previously  healthy.  This  occasionally  Buddea  onset  ia 
of  much  practical  importance ;  one  case  was  sent  to  me  from  a  place 
in  which  the  disease  is  endemic,  by  a  doctor  well  acquainted  with  it, 
who  had  not  suspected  leprosy  because  the  anaesthesia  came  on  almost 
suddenly. 

Accompanying  anaesthesia  there  is  usually  some  muscular  wasting, 
which  may  be  great.  In  the  case  figured  it  was  considerable,  although 
only  in  the  small  muscles  of  the  hands  was  it  comparable  to  that  of 
progressive  muscular  atrophy.  The  electrical  excitability  of  the  mus- 
cles was  greatly  lowered  to  each  current,  and  this  is  perhaps  the  most 
common  condition  ;  either  the  damage  to  the  nerves  is  so  chronic  that 
the  fibres  undergo  slow  changes  paH  paas^tt  with  those  in  the  nerves  and 
their  endings,  or  the  patient  comes  under  observation  at  a  late  stage 
in  the  local  affection,  at  which  the  changes  present  in  the  early  stage 
have  disappeared;  sometimes,  indeed,  all  irritability  has  vanished. 
In  cases  that  are  see©  soon  after  the  onset  of  the  lesion  of  the  nerves, 
there  may  be  the  reaction  of  degeneration  in  the  muscles,  either  partial 


FlO,  62.^Distribution  of  rtitci'tbesift  in  a 
cue  of  lc|>ro^y.  The  bltclc  itrem  indicftte 
the  lofts. 
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or  oomplete,  and  there  is  often  a  conspicuoua  exaltation  of  the 
mechanical  irritaljility  of  the  nerre-trunkB.  When  the  facial  nerves 
are  affected  this  may  be  well  seen,  and  may  resemble  that  met  with  in 
tetany.*  The  thickening  of  the  nerve  may  be  felt  when  that  which  is 
affected  is  accessible.  The  state  of  myotatic  Lrritability  varies  accord- 
ing to  the  diatribution  of  the  netuitis ;  it  is  lost  at  places  where  the 
sensory  or  motor  fibres  are  involved,  but  those  supplying  the  front  of 
the  thigh  and  its  muscles  often  escape,  and  the  knee-jerk  is  preserved . 
Anchylosis  of  the  joints  may  occur,  as  in  other  forms  of  nuiiritis. 

The  ••  mnlilations "  of 
leprosy,  by  which  the  end« 
of  the  fingers  and  toes  are 
lost,  are  also  regarded  by 
•omo  as  a  consequence  of 
the  neuritis.  The  nume- 
rous other  syniptoms  of 
the  disease  are  indepen- 
dent of  the  nerves  (except 
I»erhaps  the  pigmentation 
of  the  skin),  and  are  be- 
yond the  province  of  this 
book. 

The  neuritis  of  leprosy 
is  typically  adventitial 
(Fig.  63).  The  primary 
sheath  and  the  Becondary 
sheaths  of  the  fasciculi 
are  greatly  increased  in 
thickness,  and  consist  of 
nucleated  fibrous  tissue 
arranged  concentrically  (a, 
b).  Prom  the  sheath, 
tracts  extend  into  the  in- 
terior of  each  fascicidus 
(b),  isolating  the  groups 
of  nerve-fibres.  The  in- 
crease of  tissue  even  ex- 
tends between  the  fil'res 
themselves  (c),  and  these 
undergo  slow  wasting ; 
many  of  the  fibres  in  the 

figure  wre  seen  to  be  distinctly  narrower  than  normal.  The  concentric 
growth  of  fibrous  tissue  may  even  invade  the  whole  area  of  the  fasci- 
culus, all  the  nerve-fibres  perishing  before  it  (d).  The  characteristic 
bacillus  of  leprosy  is  found  abundantly,  in  recent  cases,  in  the  new 
tissue  of  the  nerves.    Peculiar  cells  are  met  with,  infiltrated  with  the 

•  SchulUe, '  Dijut,  Arch,  f .  kl  n  Med.,'  1888,  Bd.  iliiL 


Fm.  63, — Pwtions  of  nerve«  from  a  cn«e  of  Miins- 
tbetic  1eproflj»  under  tlie  mre  of  Dr.  Buizard. 
A,  raediao  ii'ei'v*  at  wriat  it  6j  B,  portion  of 
BKine  miiTe  highly  mugnified^  0,  |mrt,  of  a  less 
ditseH«eil  fuoicuttm  from  the  ulnar  net  ve ;  i>.  • 
■hihU  fHi«icieulij»  from  mediun  in  wblch  tihe  con- 
centric tibieti  litve  invaded  tli<}  whole  area  vi 
the  faauiculuH. 
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otyivntsmi.  At  the  fibrous  tiBSue  develops  and  contracts,  ilie  badllr 
n^tii  (o  portlhi  and  ultimatelj  can  no  longer  be  dkcoYered. 

*V\\P  diagnoait  depends  on  the  occurrenoe  of  irregulaj:  areaa  of  anges- 
(ttpitia.  Kenerallj  assooiated  with  irregular  patchea  of  pigmeuti^tioii 
mm{  (»allur  in  the  skin,  and  often  with  muscular  atrophy,  in  a  person 
whu  has  been  exposed  to  the  risk  of  infection,  generaJlj  hj  im,vms 
liviMl  iu  a  distriot  in  which  the  disease  is  endemic.  The  irregularitj 
(if  iliMtribution  and  the  limitation  of  considerable  sensory  changes 
nuiUoiouU^  disUngoish  it  from  other  forms  of  neuritis.  Tlie  spinal 
HtYiMtdiiui  with  which  the  mixed  ansBsthesia  and  wasting  are  most 
liliitly  to  be  confounded  are,  as  Schultze  has  pointed  out,  cases  of 
Hyi'iugiMnyeUa  In  which  the  distension  of  the  central  caviiy  damages 
I  liii  tf  I'v.y  matter,  and  maj  cause  similar  symptoms  of  irregular  distri- 
l.nlidu— muscular  atrophy,  sensory  impairment,  trophic  disturbance* 
Hit(.  MtuiH)  are  limited  to  the  arms ;  and  if  the  1^^  suffer  it  is  in  a 
(llltoriiiit  waj— as  simple  paraplegia  with  excess  of  myotatic  irritabiliiy 
Umt  iim^  iro  on  to  spasm. 

'VUts  prognosis  of  the  disease  in  the  simple  anssthetic  form  is  graye 
iiwl)'  wUiiU  the  sufferer  is  still  exposed  to  fresh  infection,  or  in  cases  of 
^uauiiiurable  severity.  But  it  must  be  remembered  that,  just  as  the 
UiMiiMii  may  develop  long  after  exposure  to  its  cause,  so  it  may  sbwly 
iuiUii(4«(j  for  a  long  time  after  this  exposure  has  ceased. 

•l'l4M  tiiMVtmeut  of  the  affection  is  beyond  the  scope  of  this  work ;  in 
top  fur  M  the  nerve  symptoms  require  special  measures,  these  are  the 
biiuiii  as  in  ordinary  neuritis.  A  trial  may  be  made  of  the  stimula- 
iiud  gf  Mitt  wuscles  by  whatever  form  of  electricity  they  will  respond 
Ui.  iiiui  of  the  anessthetic  areas  in  the  skin  by  the  wire  brush  and 
t.vVivUism. 

HERPETIC  NEURITIS. 

Aiiumg  the  outanoous  eruptions  occurring  in  acute  neuritis,  that 
wUwAi  vilmVHViUiris^s  **  herix^s  zoster"  has  been  mentioned.  This  affec- 
Uvii\  nlw4,YS  priistiwts  a  correspondence  in  area  with  nerve  distribution; 
iv  viuUuitu  u^wvitis  lias  Ujcu  found  in  the  rare  cases  which  have  afforded 
4U  oVV^*'^vmity  tor  pathological  investigation ;  and  pain  with  other 
vkvivvv*  ^.VW^iU»WS  is  common ,  and  may  be  coospicuous.  Hence  herpes, 
;^iCUvHigh  Ui\*a\ly  dwicrilJtHl  as  a  skin  disease,  is  really  the  manifestation 
vK^  t^  i'V^'Ui^  ^  wuvitis  which  is  sufficiently  individual  in  course  and 
(vs^UuAui  tvk  Mxm%  a  sepamte  de8cription.t 

\^\vv  !i«4.— i^Wr  kwpwltwlge  as  to  the  aetiology  of  the  neuritis  which 
vj^^,^vaUv4  ^  W^^  common  form  of  herpes  is  still  very  incomplete. 
\A  vAM^^tWik^  rtw  i«.  however,  afforded  by  the  fact,  first  pointed  out 
x\  H|6v  J^       itS^  Hutohiuson,  that  the  disease  may  be  induced  by  the 

V^is         *i\  «i»weMi|"  Jst«. 

^  ^  ^  ^  M  ^e  Um»  »•«  voa«  origin  of  herpes  Beemi  to  have  been  made 

\*J^  <rf  M«dic»l  Caae^'  1831,  vol.  ii,  part  1. 
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presence  of  arsenic  in  the  blood.  This  indicates  that  it  may  be  due 
to  a  chemi<  al  todc  agent  in  the  circiilationj  and  Buggosta  that  aa 
it«  common  cause.  But  the  nature  of  the  agent  is  still  quite  un- 
known. The  careful  researches  of  Bendu  cast  doubt  upon  the  ODtio- 
logicai  importance  once  attributed  to  gout,  although  a  causal  connection 
can  oocasionaDy  be  traced,  as  in  a  well-known  case  of  Trousseau's. 
Ebstein  •  records  the  case  of  two  brothers  who,  after  eating  mussels, 
deveIoi>ed  the  one  urticaria,  the  other  herpes.  The  affection  has  been 
traced  to  malaria  bj  Winfield-f  We  know;  furthermore,  that  eoote  of 
the  many  varieties  of  rheumatic  toiins  may  act  upon  various  parts  of 
the  nervous  system,  in  a  manner  not  unhke  that  seen  in  poisoning  by 
arsenic,  so  far  as  concerns  the  characters  of  the  nerve  inflammation. 
Hertietic  neuritis  may  thus  probably  be  produced  by  toxins  introduced 
from  without,  or  manufactured  within  the  body ;  it  may  even  assume 
an  epidemic  form  We  do  not  know  why  it  should  usually  be  unilateral 
and  show  a  predilection  for  certain  regions  ;  the  reason  is  probably  a 
Icxral  one,  and  it  may  be  noted  that  herpes  has  been  seen  to  develop 
in  the  scar  of  a  burn,  and  to  reappear  in  those  left  by  a  first  attack 
forty- SIX  years  previously.  Neither  age  nor  sex  seems  to  have  much 
influence  in  relation  to  the  dis^^ase, 

pA.TH0L0Oicij:i  Anatomy. — The  indications  of  inflammation  have 
l>©en  found  especially  in  the  ganglia  on  the  posterior  spina!  roots ;  they 
tend  to  spread  centrally  towards  the  cord,  rather  than  jx-ripherally. 
The  Grasserian  ganglion,  which  corresponds  to  that  of  a  posterior  root, 
is  similarly  affected  in  herpes  frontalia.  Although  these  inflammatory 
changes  were  first  described  (by  von  Barensprung)  as  long  ago  as  in 
1861 ,  our  knowledge  as  to  their  exact  nature  is  still  meagre.  We  can 
state,  however,  that  they  affect  primarily  the  intercellular  material, 
and  that  they  are  ordinarily  very  severe,  frequently  inducing  hffimor- 
rhagic  exudation ;  the  swelling  and  injection  of  the  ganLrlia  and 
adjacent  nerve-trunkg  are  usually  macroscopically  evident.  We  must 
difitingmsh  from  this  primary  form  those  in  which  the  eruption  is  only 
a  conspicuous  symptom  of  inflammation  communicated  to  the  nerve,  or 
elearly  secondary  to  some  other  cause.  Thus  Wagner  records  in  one 
case  purulent  pacbymeningitia  and  swelling  of  the  spinal  ganglia  of 
the  affected  area.  The  occurrence  of  bilateral  herpes  is  explained 
by  Kaposi  J  on  the  ground  of  primaiT  affection  of  the  spinal  cord, 
but  no  anatomical  proof  of  this  is  adduced,  and  it  seems  more 
reasonable  to  look  to  the  general  action  of  the  toxic  agent  in  the 
blood  as  the  cause.  As  to  the  nature  of  this  agent  we  are,  except 
in  the  case  of  the  special  poisons  already  mentioned,  absolutely 
ignorant.  This  point  has  already  been  discussed  in  connection  with 
neuritis. 

With  regard  to  distribution,  although  practically  any  sensory  neinre 


•  *  Vircljow's  Arcbiv,'  vol,  rxzxiz, 
t  'New  Yort  Mid,  Joiini.,'  1895. 
X  Euleiiberg'*  *  Re**!  EiicyklopiJie,*  nrt. 
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ii  upon  ih6  interooBtalB,  and  pailaca- 

icgioit;  the  fifth  nerre,  in  any  of 

tte  fini  and  second,  and  the  branches  of 

to  As  oocipito-oemcal  f  onn,  the  small 

being  most  affected.     The  lower 

it;  the  arm  very  seldom  suffers. 

to  the  adjacent  motor  nerrea 

Void,  leading  in  one  case  to  death  from 

itself  is  commonly  ascribed  to  im- 

bstein  (loc.  cit.)  regards  it  as  due  to 

^^^  ^«M>-di)ator  fibres. 

«|  ihe  herpetic  eruption  falls  properly 

^"^liii^^jlogy.    Areas  of  congestion  appear 

^1^  SaiuBniation  with  effusion ;  the  epi- 

^«  ^^  ^r  ahimately  form.    The  conspicuous 

1^  is  probaUy  to  be  referred  to  the 

or  their  corresponding  ganglionic 

toiie  cause  that  the  attack  may  be 

particularly  vomiting,  with  con- 

gymptoms  the  most  conspicuous  is 

under  the  head  of  neuralgia ; 

jUrtmetions  between  the  pre-  and  post- 

-*^  """"^^^^gr  rf  «WA  usually  abates  with  the  appearance 
^  '•i^  ***    -  ---  ii  %«ih  more  seyere  and  of  longer  duration. 

of  the  region  served  by  the  affected 

eruption;  there  is  in  some  cases  per- 

^g^laetioii.    Motor  affections  are  also  not 

•^  tivplT  immobility  from  hypersesthesia  or 

4f  A0  neuritis  to  motor  nerves.     In  the 

atrophy  with  more  or  less  perfect 

has  collected  twenty  cases  of 

two  were  simply  hypereBsthetic 

'^fiS*'    "^  ^  jtltfi  the  paralysis  preceded  the  erup- 

-if'-.   "^  '«*^      ^"^  ^•i*  which  most  commonly  suffers,  and 

•^    ^^— *-  "^^  * of  the  trigeminal  or  occipito- 


''•^     _^.  <«riyided  by   Lesser,  frontal  herpes   was 


cranial  nerve,  the  inflammation 
fgoiUL  one  nerve  to  the  other  in  the 

■itd  be  said  is  that  the  sen  ority  and 
fiiy  directly  with  the  age  of  the 

of  herpes  does  not  fall  within  the 

',  be  mentioned  that  the  pain  is 

fittling  which  cocaine  may  be  tried. 

^^^  H6pitaaz,'  1876. 


PAKT   HI. 
DISEASES   OF  THE   SPINAL  CORD. 


INTRODUCTION. 

AHfATOMT  OF  THE  SPINAL   CORD* 

The  spinal  cord,  it  will  be  remembered,  it  muck  shorter  than  the 
spinal  canal,  reaching  only  to  the  second  Inmbar  vertebra.  Hence  the 
nerve-roots  descend  to  their  foramina  of  exit.  The  lower  they  arise, 
the  longer  is  their  intra-spinal  course.  All  those  below  the  second 
lumbar  pair  leave  the  canal  below  the  lowest  portion  of  the  cord.  It 
is  customary  to  speak  of  the  portion  of  the  spinal  cord  from  which 
each  pair  of  nerves  arise  as  the  corresponding  **  segment"  of  the  cord. 
The  s^ments  are  longest  in  the  dorsal  region,  and  shortest  in  the 
lumbar  enlargement.     They  are  also  called  **  metameres." 

The  only  parts  of  the  spinal  column  that  we  can  usually  feel  are 
the  vertebral  spines.  Mauy  of  these  are  not  on  a  level  with  the 
bodies  of  their  vertebrse.  It  is  important,  therefore,  to  know  the 
relation  of  the  spines  to  the  bodies  of  the  several  vertebrae,  and  of 
these  to  the  origin  of  the  nerves.  These  relations  are  shown  in  the 
accompanying  figure  (Fig.  64). 

Of  the  MemhrtmeSt  the  pia  mater  closely  invests  the  sm^ace,  and  ig 
continuous  with  the  tracts  of  connective  tissue  that  pass  within  the 
substance  of  the  spinal  cord.  It  is  also  prolonged  along  the  nerve- 
roots  as  their  sheaths.  The  arachnoid  forms  a  much  less  close  invest- 
ment. The  dura  mater  is  not  in  contact  with  the  bones  as  it  is  in  the 
cranium,  but  a  layer  of  fat  and  a  plexus  of  large  veins  intervene 

*  The  following  outline  of  the  anatomj  of  the  ipinal  cord  ii  intended  merely  to 
place  before  the  reader  those  points  that  are  essential,  or  likely  to  become  so,  for 
nnderstanding  the  functions  of  the  organ  and  the  symptoms  of  its  disease.  It  does 
not  profess  to  be  exhaustive  even  in  outline,  and  is  designedly  kept  as  free  as 
possible  from  whatever,  in  eithctr  the  substance  or  terminology  of  recent  science, 
does  not  come  within  the  scope  of  those  objects.  Many  of  the  results  reached 
by  modem  investigators  are  mutually  incompatible,  and  where  a  choice  has  been 
necessary  the  observers  have  been  followed  who  possess  the  greatest  authority  and 
whose  conclusions  best  agree  with  facts  previously  ascertained. 
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between  the  two.    It    Urns  forms  a  loose    slieath    for   the    cord, 
ftud  variatioDS  in  tha  amount  of  blood  in  the  plexuses  outside  it 

permit  corresponding  (but  inverse)  varia- 
tions of  the  amount  of  cerebro-apinal 
fluid  within  it.  An  extension  of  the 
I C  (iura  mater  paeaes  along  exuih  nerve-root, 
and  bloada  with  its  ahcath. 

Structube   of  the  Spinai*  Coar. — 
The  general  form  of  the  cord,  the  enlarge- 
ments it  presents,  and  its  constitution  ^f 
white  ajid  grej  substance,  are  too  well 
known  to  need  description  here.      The 
fl     white  suhstuncB  surrounds  the  grey,  ex- 
I D  cept   at  tho  two    points   at   which  the 
2     posterior   horns    come    to    the    surface 
^     (Fig.   65),     It  consists  of    medidlal^^d 
nerye-fibrea,   chiefly  lougitudiaaL      The 
posterior   corriua    isolate    the    posterior 

5  oolumus  from  the  rest  of  the  white  aub- 

6  stance.  These  columns  are  sejiarated  by 
J  a  *'  posterior  median  septum  "  of  connec- 
tive tissue,  and  a  little  distance  from  this 
another  incomplete  septum^  *'  posterior 
int4:'rnif d iate  septum/'  corresponding  to 
a  depression  on  the  surface,  marks  off 
a  portion  next  the  median  septum,  the 
*'  postero-mediiin  cohium,"  or  *'  column 
of  Goll/'  from  the  part  next  the  pos- 
terior horn,  "  postero-extemal  column,*' 
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PlO,  64.— DiagrBtn  (framedl  from  an  original  In- 
T€»tig%tian)  tbowini;  tbe  relation  of  tbe  ▼ert«- 
bral  *pines  to  their  bodies  aud  to  the  ori^n  of 
tbe  at^veral  nervd-rootit.  It  will  be  eei^n  t^'nt 
the  ead»  of  the  vertebral  njiines  »re  oppcwite 
tbe  middle  of  their  uwii  liodies  otity  in  tbo 
lumbar  region;  tboy  corrcsixjiid  to  ih«  lower 
edge  of  tbcir  own  bodie-^  In  tlie  oervic&l  iind 
tbe  finit  two  dorsal  vertebrs*,  and  lo  the  npp«r 
part  of  tbe  bndj  below  in  the  rest  of  the  dot-^ul 
reg-ion.  Each  cerviciil  ipitie  li  nearly  opponiie 
the  lower  roots  of  thi"  iit»rvo  betow;  (bi*  vortvbrri 
prominent  i»  opposite  tbe  first  dorsal  roota|.tnid 
fitnn  tbe  3rd  to  tbe  lOtb  df>r8n]  tlie  Bpiwei 
corre«poiid  to  tbp  aecand  root  In  low  ;  tbe  11th 
■pine  correspondft  to  thii  Iflt  luid  2iid  lumbui 
nervQ«,  the  12th  to  the  3iA  -ttli,  and  5tb;  the 
1st  lumbftr  to  tbe  l*t,  2iid,  lujd  3rd  «arral 
nerves,  while  the  tip  of  the  <ord  ia  oppositi 
tbe  upper  pikrt  o(  tbe  iuA  lumbar. 


"column  of    Burdach,"   the    part    of     which    npxt    the 


called 


posterior  root- zone/*   becituse   many    fibn 


he    comti  j 
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posterior  root  pass  through  it.    The  rest  of  the  white  substance  is 
divided,  in  the  middle  line  in  front,  by  the  anterior  median  fiBsure, 


/ 


/ 


PlO,  65, — Dtft|?niiTi  of  »  iectTon  oT  the  ipinal  cord  in  the  ciTviral  region*  k,  r., 
ftivterlor  romiiiii^ure ;  P.  C.»  poflterior  eaiMmiKiuie;  I.  g.  «.,  intermetliat*  gjey  nnh- 
ftance;  p.  Cor.,  pr>Kterinr  tN^rnuj  c.  c.  p,,  aiput  cflrim  |Hj«tenorU;  t.  l.  t,,  latt'tHl 
limiting;  layer;  a.-t..  a.  T.,  nutero-Uteml  aacending  trftct,  which  exteuda  aloog  tlie 
periphery  of  the  cord. 


down  which  the  pia  mater  fLnd  blood- vessela  pass^  and  at  the  bottom, 
of  whi*;h  is  the  anterior  or  white  commissure.  Between  the  anterior 
median  fissure  and  the  posterior  comu  the  white  anlistance  ia  con- 
tinnoua  and  undivided,  extending  round  the  front  and  side  of  the 
cord  It  ia  artificially  dividi.'d  into  an  anterior  and  a  lateral  column, 
the  line  of  division  bt- ing  the  outermost  of  the  anterior  nerve-roots, 
which  pass  through  the  front  of  the  cord ;  but  there  is  no  corrf- 
sponding  distinction  of  structure,  and  hence  it  is  often  termed  the 
"  an tero- lateral  column." 

The  white  substance  varies  in  amount  in  different  parts  of  the 
cord,  but,  as  a  whole,  lessens  gradually  from  above  downwards  (see 
Fig.  %^),  It  is  everywhere  composed  of  medullated  nerve-fibres, 
which^  however,  poiisesis  no  neurik^inma- sheath  In  carmine- stained 
sections  the  axis-cylinder  is  seen  within  each  fibiie,  not  a^ways  in  the 
centre,  anrJ  around  this  are  concentric  cloudy  lines  due  to  the  irregular 
refract i* 111  of  tbe  white  8\ibstaiue. 

Betwet'n  the  fibrtra  is  a  peculiar  substance,  the  "  neuroglia,*'  or 
nerve-cement.  It  appears  to  consist  of  nucleated  branched  ceDs 
("spider-cells"),  whose  long,  delicate  processes  form  the  fibres  of 
the  neuroglia.  Tlie  cells,  stellate  on  section,  are  found  in  the  larger 
interspaces  between  the  nerve-fibres.  The  fi.bres  of  the  neuroglia 
branch  and  interlace,  forming  a  very  fiixe  network;   some  of  them 
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are  amwiced    radially;    starting  centrally  from   tbe   ontt-r  ends  of 
the  ciliated  epitkelial  cells  which  line  the  cet^bro- spina]  canal,  they 

diverge,  branching  as  tht'V  go 
towards  the  surfatce  of  the  cord. 
This  neuroglia  ia  developed  from 
the  same  (epithelial)  embryo- 
logical  elements  as  the  nerve- 
atructures— an  important  fact, 
l»x"anse  it  enahlea  ub  to  under- 
stand the  fact  tliat,  in  defective 
development  of  the  nerve-struc- 
tures, the  neuroglial  tissue  is  ex- 
ceaaive  in  amount.  But  its  differ- 
entiation in  development  involves 
also  its  chemicjil  nature,  since  it 
contains  far  more  of  a  material 
like  that  of  hair  or  horn,  and 
hence  called  **  neurokeratin.'* 

The  nerve-fibres,  thus  con- 
nected, lie  in  a  coarser  network, 
formed  by  bi*anching  processes 
of  septa  that  proceed  inwards 
from  the  pia  mater.  In  theae 
septa  blood-vessels  rim,  and  some 
are  occupied  by  nen'c- fibres  that 
have  a  horizontal  course.  The 
septa  consist  of  fine  fibre*  of 
ordinary  connective  tissue  from 
the  pia  mater,  and  of  neuroglial 
material  which  forma  also  a  layer 
between  the  membrane  and  the 
nerve-fi.bres  in  the  intervals  be- 
tween the  septa.  This  layer  varies 
oonsiderably  in  thickness.  Many 
of  the  septa  pass  through  the 
white  substance  to  join  projec- 
tions from  the  grey  substance, 
which  cause  the  irregularity  of 
the  outline  of  the  latter.  These 
processes,  outside  the  neck  of  the 
posterior  comu,  are  broad,  and  join 
each  other  so  as  to  form  a  aort  of 
network,  the  meshes  of  which  en- 
closi'coltimnsof  nerve-fibres.  This 
is  ciiHeil  the  "  lateral  reticular  for- 
ti».  GG.-pui'.Tfim  jliowtnir  th«  relntivt  mation  "  (Fig.  65,  right  side  ;  also 
■iM  »nd  sliftj>e  of  the  oord  aDii  grey       -^  \    ^  J  *  *i. 

At  ditfereitt  levela,  o"»  c  2—8).   The  substance  of  the 
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torn  beKind  the  caput  is  aometimea  brokea  up  in  tlie  same  waj — 
the  "  posterior  reticular  formation." 

The  grey  suh»iance  varies  in  shape  and  size  in  different  parta  of  the 
cord,  being  largest  in  the  cerrical  and  lumbar  swellings,  and  corre- 
Bi>ondiiig  to  the  nninl»or  and  size  of  the  nerve-roots  given  off.  The 
v^ariations  in  shape  and  size  are  indicated  in  the  accompanying  figure 
(&^),  and  will  l>e  readily  understood  by  an  examination  of  this.  The 
division  into  anterior  and  posk^rior  horns  or  comua  is  familiar.  The 
part  on  each  side  that  intervenes  b*4ween  the  two  horns  may  be 
conveniently  termed  the  "  intermediate  grey  substance  "  (I,  g.  a.  in 
Fig.  66).  In  the  dorsal  region  a  projection  from  this  extends  into 
the  lateral  column  (Fig.  %^,  d  2,  5,  and  8),  and  has  been  termed  the 
'•lateral  horn*').  It  is  customary  to  divide  the  grey  matter  into 
two  variftiea,  "spongy*'  and  "gelatinous/'  The  latter  forma  a 
cap  on  the  posterior  horn,  and  a  layer  immediately  around  the  central 
canal,  and  is  named  on  account  of  its  naked-eye  aspect  It  consists 
largely  of  neuroglia^  traversed,  bowever,  by  nerve- fibres,  and  with 
DumeroTis  nerve-cells  stjattered  through  it.  The  spongy  substance, 
which  forms  the  rest  of  the  two  comua,  consists  mainly  of  an  exces- 
sively fine  felty  network  of  very  narrow  medullated  nervo-fibres,  naked 
axis-cylinders,  and  fine  nerve-fibrillm  which  arise,  in  part  at  least, 
from  the  dendrites  of  tht*  nerve-cella,  and  in  part  by  a  division  of 
the  axis-cylindors  of  the  nerve-fibres.  These  stmcturea  are  em- 
bedded! in  a  supporting  neuroglia.  Through  it  course  many  larger 
medullated  nerve^fibres,  passing  to  or  from  the  white  columns  and 
nerve- roi>ta.  In  it  also  lie  many  nerve-c^lls  of  various  sizes.  Those 
in  the  antfrior  comu  are,  for  the  most  part,  large  "ganglion-cells ;  *' 
each  contains  a  large  nucleus,  and  usually  a  masa  of  pigment,  and 


Fia.  67. 


Fio  68, 


Fia.  69. 


FiO.  €7. — A.  Ti«rve>cell  from  tLe  unteiior  coma  of  the 

tpjnnl  rtwd  of  mnu:    a,  uiibninclied  proccas  becoinln^ 

the  nxi«*cv Milder   of   »t  nerve-fibroj   b,  pigtritfut  hihsh. 

(After  Gerliwh.) 
Fio.  68. — Nerve-cella  of  the  anterior  coniii  ieading  &  pro- 

ceM  into  tl  «  a  iterior  root^     (Alter  Henle.) 
FiO.  69. —  A  jRno  tifrvo-fi^ire  divitdin  '  into  two  parta,  earh 

of   whii  h,  joinfl  the  pleina  of    Hbrillie  formed  by  the 

bnnekiHK  proe«4-»e»  of   r  uerve-eell.     From  the  tpiiuii  cord  of    au   ox,     (Aftm 

Gcrlftcb.) 
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sends  out  Beveral  processes.  One  process,  tbe  axon,  if  oontinuoiia 
with  the  aiis-cjlieder  of  a  nerve- fibre  (Fig.  67),  anrl  can  be  sometimes 
traced  into  a  fibre  of  an  anterior  root  (Fig.  68).  The  other  processes, 
or  deniirons,  after  a  longer  or  shorter  course  divide  and  subdivide, 
their  ramifications  ending  in  minute  Imobs  in  the  sponge-like  matrix 
of  the  grey  substance.  In  this  they  ar©  probablv  brnir^ht  into  close 
contiguity  with  the  terminal  nimifications  of  other  neurons  (Fig.  69). 
These  cells  lie  in  groups,  between  and  through  which  course  tracts  of 
fibres,  chiefly  from  the  anterior  roots.  Other  fibres  come  from  the 
anterior  commissure,  whit€  columns,  and  posterior  horn.  The  axons 
of  these  cella  are  certainly  motor  in  nature,  and  become  the  motor 
fibres  of  the  spinal  nerves.  Similar  cells  are  also  found  in  vaijiu*,' 
numbers  at  the  anterior  periphery  of  the  cord,  aud  even  among  the 
fibres  of  the  already  desceuding  anterior  roots,  •  Birge,  in  a  careful 
investigation,  found  that  in  each  segment  of  the  spinal  cord  of  the 
frog  the  number  of  nerve- cells  in  the  anterior  cornu  nearly  corresponds 
to  the  number  of  fibres  of  the  anterior  roots  arising  from  that  segment. 
Each  ceE  is  traversed  by  many  nerve* fibrillaa,  such  as  are  disoerned  in 
a  cell-process  or  in  the  axis-cylinder  of  a  nerve-fibre.  These  cross  and 
intermingle  in  the  middle  of  the  cell,  but  pass  along  the  margin  from 
one  process  to  another.  By  this  arrangement  impulses  entering  the 
cell  by  one  process  may  leave  it  by  raany.f 

The  arrangement  of  the  nerve- cells  of  the  anterior  cornu  is  of  some 
practical  importance,  on  account  of  the  frequency  with  which  this  part 
is  the  seat  of  limited  lesions.  They  form,  as  already  stated,  certain 
groups,  but  these  groups  vary  in  diffi*rent  regions  of  the  cord,  partly 
under  the  influence  of  the  shape  of  the  horn,  partly  irrespective  of 
this  J  and  they  even  vary  in  parts  of  the  cord  that  aie  near  together. 

They  are  influenced  by  the  course  of  the  tracts  of  fibres  of  the  ante- 
rior roots,  which  may  pass  through  a  group  and  break  it  up  into  smaller 
groups,  although  in  a  neighbouring  section  it  is  undivided  (see  Fig,  70» 
the  cervical  groups).  Hence  very  different  descriptions  have  been 
given  of  these  groups,  and  the  process  of  distinction  has  sometimes 
been  carried  too  far.  The  groups  that  can  most  readily  he  recognised 
are  the  following : — In  the  inner  anterior  angle  of  the  cornu  is  a  small 
group,  the  inner  or  median  group.  This  is  one  of  the  smallest,  and  is 
absent  in  some  parts  of  the  cord,  especially  in  the  lumbar  region,  A 
much  larger  group  lies  near  the  anterior  edge  of  the  horn,  in  the 

•  Hoche,*Nenrol.  Centralbl.,'  18i*l. 

f  Kroiitbal,  *  Neiir.  Centmlbl./  1890,  p.  40.  ImpuUea  m»v  tbiin  be  tUfTtiBed,  even 
if  there  U  no  junetioD  of  flbriHa  or  piwiage  of  impulsBa  from  one  fibril  to  auotbor. 
Ttiti  arrAngement  provider  a  mecbanism  by  whicb  the  nerve-celb  may  o<^>iidaet  and 
diffuse  impnlsei,  but  taeh  n  vnGeht<m«ui  does  not  exi'lade  (as  haa  b«en  uiaamed)  the 
reinforcement  or  origination  of  »uch  im  pal  sen.  and  their  dliscoverj  leavea  on  touched 
the  facta  which  demoiistrnte  the  tro|iiiic  inducuce  of  the  celln,  and  the  inunner  in 
which  they  *rTe«t  lecondary  dejjfem^ratioTi.  These  functions  are  iiidicatad  by  fucta 
of  a  totally  difftrent  nuLure.  Kron that's  oh«ervatloua  are  of  grvat  itDponwnce,  and 
appear  trustworthy. 
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middle,  or  a  little  to  the  outer  side  of  the  middle,  the  anterior  group. 
External  to  thia,  in  the  outer  extremity  o£  the  front  part  of  the  hum, 
IB  another  group,  the  aniero'laieral  group.  'Ihese  two  groups  are 
often  blended,  so  that  the  anterior  group  cannot  be  sepamtrly  <listiii- 
guiflhed,  ai  in  the  right-hand  mid -cervical  figure.  A  fourth  group, 
usually  the  largest,  hes  lq  the  outermost  part  of  the  horn,  behind  its 
front,  usually  in  the  posterior  outer  angle ;  it  may  extend  inwards, 
halfway  across  the  hom«  It  ia  called  the  external  or  poster o-luterai 
group  (p.-L.,  Fig*  70)*    Thaie  three  are  the  moat  important  groups. 


Upper  Dor^l 


Mld-LutnbM-. 


Flo,  TO.^DiBgraras  of  the  groups  of  nerve-ct'lli  in  the  interior  tronm.  Qroupi  i — 
l^  mner  or  medial ;  A.,  anterior ;  a.-l.,  Hnt,«^ro-laU<!rMl  i  F.*li.,  pox tLiy  lateral ;  I.  L.  P., 
internreduitt'  lateral  procesn ;  f«  y.  o.,  pnatorior  vesicular (-oluum  or  tracL.  Th^e  two 
mid-cerTjcal  sections  are  only  n  few  tQiUimL'trca  apiirt,  nnd  show  bow  the  antenor 
groijp^  separiite  in  tbe  ODt>,  may  be  bleuded  with  th«  aalaro'laterul  group  In  i& 
n«ighbouriu{^  purt  of  the  cord. 

There  ifl  in  some  parti  also  a  ceTUral  group,  occupying  nearly  thecentri- 
of  the  horn.  In  the  small  cornu  of  the  dursal  region  of  tun  rn^  wel  - 
defined  groups  can  be  made  out,  but  when  any  can  be  recoguiBed,  they 
are  generally  the  anterior  and  external. 

Similar  ceUs,  usually  smaller  in  size  and  isolated,  are  scattered 
through  the  intermediate  grey  matter,  and  a  group  of  ceHs  occupies  a 
projection  outwards  into  the  lateral  column  in  the  lower  cenrieal  and 
upper  dorsal  regions.  It  was  termed  by  Lockhart  Clarke  the  inter- 
medio*laieral  tracts  but  is  better  designated  the  infei^nediate  proeeis§ 
(op  lateral  Horn),  and  the  cells  the  iniermediate  group  (i.  l.  p.,  Fig.  70). 
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Nerre-oells  also  lie  in  the  grej  matter  of  the  reticular  formations 
lateral  and  posterior,  and  are  Bometimos  described  as  special  gproups. 
Many  isolated  og!1s»  medium  and  small  in  size,  also  lie  in  the  posterior 
boriL  These  are  probablj  connected  with  some  of  the  fibres  of  the 
poiterior  roots.     They  ejttend  kujk  into  the  caput  comu  posterioris.^ 

Throughout  the  dorsal  and  in  the  upper  lumbar  cord  a  group  of 
uerve-oells  lies  in  the  inner  part  of  the  neck  of  the  posterior  horn,  the 
posterior  vesicular  column  of  Lockhart  Clarke  (&ometimt*tJ  called 
«* Clarke's  column*')  (p,  v.  o..  Tig,  70;  see  also  Fig*  80 ^  Most  of 
those  cells  are  fusiform  in  shape,  but  are  placed  vertically,  so  that  they 
appear  round  or  oval  in  transverse  section,  and  their  processes  are  nt^ 
seen.  Some,  however,  present  processes  that  run  forwards  or  bock* 
wards*  Nerve-fibres  pass  into  and  by  it,  which  we  shall  consider  sub- 
sequently. Although  this  tract  is  chiefly  developed  in  the  lower  dorsal 
and  upper  lumbar  cord,  a  few  nerve-cells  of  similar  character  are  mi't 
with  in  the  same  position  in  other  parts,  and  are  occasionally  suffi- 
ciently numerous  to  form  a  small  group. 

The  "  gelatinous "  grey  matter,  greif  eubetance  of  Eolandot  which 
forms  a  cap  on  ihe  posterior  horn,  caput  comu  posierwris  (o.  o.  p.. 
Fig.  65),  differs  considerably  from  the  spongy   substance.     It  h^a 
been  described  as  made  up   of    granules,  but,  according  to   later 
reeearches,  consists  of   a  peculiar  translucent  material  forming  an 
eKsessively  fine  network,  which,  like  the  rest  of  th©  neuroglia,  behav€*3 
to  reagents  like  homy  material-     In  the  embryo  it  is  continuous  with 
that  which  surrounds  the  central  canal,t  but  from  this  it  becomes 
separated  in  the  course  of  development.     Its  basis  substance  is  thus 
of   neuroglial  nature.     Numerous   nerve- fibres  pass  through  it  from 
the  posterior  roots,  and   these,   com-siug  forwards,   seem  to  divide 
it  into  columns,  as  it  is  viewed  in  transverse  section.    A  few  small 
ganglion-cells  lie  in  this  gelatinous  substance,  chiefly  on  the  inner 
side ;    it    also  contains    many    minute    cells,  some   of    which    are 
nerve-cells,  while  others  belong  to    the    neuroglial    tissue*      From 
the  nerve-ceUs  axons  have  been  traced  into  the  posterior  column  aud 
hom^  the  posterior  root-zone  and  the  lateral  column.!      Bundles  of 
vertical  fibres  are  also  seen  in  transverse  section,  and  these  are  often 
numerous  just  above  the  caput,  especially  on  the  inner  side  of  the 
horn.     Most  of  these  are  fibres  of   the  posterior   nerve-roots  that 
have  a  vertical  course  for  a  short  distance.    In  Fig.  80  the  axis- 
cylinders  of  these  fibres  are  seen  to  be  changing  from  the  horizontal 
to  the  vertical  direction,  and  their  relation   to  the  posterior  root- 
fibres  can  be  distinctly  traced.     The  hinder  part  of  the  gelatinous 

•  It  b  genernlly  bt-lieTed  fclmt  their  bmnchiiig  procew^e  enter  into  the  plexu*  of 
fibrill«  in  the  ^ey  matter,  und  thu»  bri..g  thcae  calli  Into  reUtiou  with  t\ici«c  of  tli<> 
anterior  conia.,  iind  al<o  with  flbrw  th«t  cro«i  bj  tbe  po.teriur  oommi»«ure  wid 
form  fcbe  Mcending  lenBory  p»th  to  fcbo  brain, 
t  Cf.  Corning,  •Arch.  f.  mikroa.  Aniit./ xxxi,  1888.  «      ^       -i^ 

I  St»rr.  •  AtUn  of  Nerire^celU/  p.  28 ;  beahiMMk,  •  !>««'  ««*»«"  ^'^  ^^  Niw,^ 
tygtem*/  pp.  120  ei  a&q. 


in  stnicture  than  the  rest>  cmd  is  nom^timos 
from  it  &B  the  "  ipongy  zone.'**  Th*j  gehitinoua  8ub- 
ocmtiknui  miLay  Tessels,  ruimiiig  for  the  most  part  Tertically. 
1F3ktf«  8mbtian€€. — We  may  now  esamine,  in  greater  detail,  the  oou- 
the  white  oolumns  of  the  cord,  and  the  prolmble  courae  and 
of  the  dbres  they  contain.  Their  analysis  has  been  greatly 
hj  three  facte, — conliniiity  of  degeneration,  difference  in  time  of 
dtWFelopinent.  and  the  Tariation  in  the  size  of  the  fibres  of  the  different 
tittrU.  1.  It  was  discovered  by  Tiirck  that  in  oerlain  tracts  in  t  h  - 
white  mlMtance  the  nerve-fibres  undergo  secondary  degeneration  when 
•eparated  &0111  their  cells  of  origin,  a  degeneration  analogous  tu  thai 
which,  as  we  have  aJready  seen,  occurs  in  the  nerve-fibres  outside  the 
coitd,  Thi«  mode  of  investigation  has  of  late  acquired  a  fresh 
tmpctits  from  the  new  means  of  Btainiug  degenerated  nerve-fibres 
deviaed  bj  JfarchL  2.  In  the  developing  cord  the  fibres  of  different 
tfMte  require  their  white  substanoe  at  different  periods,  and  the  study 
0(f  tlieie  differences  (first  by  Flechsig  and  later  by  Bechterew  and 
otlnsfB)  haa  not  only  confirmed,  but  also  extended,  the  differential 
tadicataons  afforded  by  disease.  It  enables  us  to  make  a  distinction 
between  fSbres  that  do  not  degenenite  separately,  or  not  through  a 
rafidently  long  tract  to  enable  us  to  disliuguish  them.  The  groups 
which  this  method  enables  us  to  divide  the  fibres,  and  the  order 
I wrbieh  the  mednllation  takes  place,  are  as  follows : 
Ii(l)  Anterior  and  posterior  root- fibres. 

(2)  y  r  inner  anterior  colomn. 

(3)  [  Chpound-fibres  of  the  )  postero-external  column* 

(4)  )  C  outer  anterior  and  lateral  column. 

(5)  Intend  limiting  layer  and  antero-lateral  ascending  tract. 
Postero-median  colunm. 
Direct  cerebellar  tract. 

(8)  lAteml  and  anterior  pyramidal  tracts  (which  in  man  are  first 

lullai^  at  the  time  of  birth ).t     It  may  be  i'ated  as  a  general 

that  the  shorter  the  course  of  a  tract  within  the  central  nervous 

the  earlier  do  its  fibres  acquire  their  medullary  sheaths. 

S.  The  tLse  of  the  nerve-fibres  varies  in  different  tracts,  but  the 

cc  of  the  variations  has  still  to  be  ascertained.     Even  in 

tnct  of  the  cord  considerable  variations  are  met  with,  which 

Ijreomspond  with  differences  in  function,     Wlien  a  tract  degf*- 

iiiM  common  for  the  degenenition  to  be  incomplete;  fibres 

intact  among  those  that  perish ;  this  indicates  a  difference  in 

and  with  it  the  difference  in  size  usually  coincides.     Itisalsu 

that  aome  of  the  small  filjree  seen  among  larger  ones  may  l>e 

to  Iha  dlTisioii  of  thd  latter  (Sherrington) ;  but  such  division 


(7) 


I  HlMlla  nOMt  deteriptiona  the  pottorior  born  u  diTidcd  into  (1)  ffpnngy  luh. 

of  lk»  horn  iterJf,  (2)  g«Utiticmi  wrae  of  tb«  **  capot***  and  (3)  *|0  <gy  sou« 
rtW  tl|i  ^  iU  honi.    8*e  Litnuer«  *  Arcb.  f.  Pajch./  16S^ 
f  Sm  Obnuancr*  loe.  cit.,  p.  19t. 
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Iiiui  not  \}ocn  iic.iMn]]y  <lrui<>ijKtnit<'d,  and  is  probably  not  frequent. 
Tho  variritiou  in  Bize  is  from  1  to  25  fi  (tt^  ^  Tt.W  iii<^h)-  The 
variation*  iir«  eiipeciallj  ureai  in  the  fibres  of  the  pjrauiidal  tract, 
lAnd  it  ia  in  the«e  that  division  has  been  thought  to  occur.  Those  of 
the  diriM!t  cerebellar  tract  are  uniformly  large,  while  most  of  those 
that  conHiittifiO  tho  pDsttjnKiiK^dian  column  are  small. 

It  will  facilitate  the  detailed  study  of  the  tracts  if  we  consider 
firsi-  ihowi  that  undergo  secondary  degeneration  for  a  considerable 
diHtauw^  as  oiir  knowledge   regarding  theae  is  the  most  complete. 


oa 


^ 


of  tki  vUte  mbatmmrm  m  ^ 

t  W  tkmn  koriniMUl  UkMi  tha  dbMt  riirtilhr  tect 

Mtcf  fiM«w««r^  «teMnPi«y  tk»eMift«4«Mt  the 

9i         __  
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These  degenerationa  are  both  ascending  and  descanding.  Onlj  one 
important  set  of  fibres  deg'eneratea  downwards  tKrongli  a  considerable 
extent — those  that  continue  through  the  cord  the  anterior  pjrrainida 
of  the  medulla.  They  commence  still  higher,  in  the  motor  region  of 
the  oortex  of  the  cerebral  hemisphere,  passing  thence  by  the  *•  internal 
capBule  "  between  the  two  parts  of  the  coi^pua  striatum,  &c.,  to  the 
cms  and  pons;  they  are  the  chief,  perhaps  the  sole  conductors  of 
voluntary  impulses.  They  are  termed  the  j^jramidal  tracts  because 
they  constitute  the  anterior  pyramids  of  the  medulla.  They  are  shaded 
by  short  horizontal  lines  in  Fig  71 ;  compare  also  Fig.  65. 

At  the  decussation  of  the  pyramids  about  three  quarters  of  the 
fibres  usually  cross  to  the  other  side.  These  pass  down  the  cord  in 
the  lateral  cohinm,  and  constitute  the  lateral  (or  crossed)  ppramirial 
tr(%ct.  Those  which  do  not  deeusaate,  pass  down  their  own  aide  of  the 
cord,  m  the  inner  part  of  the  anterior  column,  at  the  side  of  the 
anterior  median  fissure,  and  constitute  the  anterior  (or  direct)  pyra- 
midal tra^t.  Flechsig  has  found  that  the  decussation  is  subject  to 
many  Tariations.  In  the  majority  of  cases  the  decussating  fibres  are 
between  70  and  80  per  cent,  of  the  whole.  Sometimes  they  con- 
stitute a  still  larger  proportion^  and  in  one  case  (of  60  eiamined)  all 
the  fibres  crossed.  Somt'tjmes  fewer  fibres  decussate,  only  one  half 
or  e?en  less  than  half ;  iu  one  case  35  per  cent.,  in  another  only  10. 
Ko  case  has  yet  been  met  with  in  which  no  fibres  crossed.*  A  con- 
siderable number  of  fibres  decussate  above  the  medulla,  terminating 
around  the  cells  which  give  origin  to  the  motor  cranial  nerves. 

The  lateral  pyramidal  tract  occupies  the  posterior  half  of  the  lateral 
column,  outside  the  posterior  comu.  It  extends  down  to  the  end  of  the 
cord,  even  when  it  is  originally  small.  Hence  those  fibres  that  do  not 
cross  at  the  medulla  must  do  so  lower  down  in  the  cord.  Through  the 
greater  part  of  the  cervical  and  dorsal  regions  this  lateral  tract  is 
separated  from  the  surface  by  a  narrow  layer  of  fibres,  the  direct  cere- 
bellar tract  In  the  upper  part  of  the  cervical  region  (third  cervical 
segment)  this  tract  lies  farther  forwards,  so  that  the  pyramidal  tract 
corner  up  to  the  surface  dose  to  the  posterior  c^mu  (Fig.  71,  c.  3) ; 
and  here,  if  the  tract  is  small,  there  may  be  a  depression  on  the  sur- 
face. In  the  lower  part  of  the  dorsal  cord  there  is  a  simitar  move- 
ment forwards  of  the  cerebellar  tract,  so  that  the  pyramidal  tract 
again  comes  in  contact  with  the  surface  posteriorly  (Fig.  71,  d.  12), 
and,  as  the  cerebellar  tract  ceases  at  the  first  lumbar  nerve,  the  pyi'a- 
midal  tract  extends  up  to  the  surfa*;e  throughout  the  lumbar  enlarge- 
ment (Fig.  71,  I*.  4),  The  inner  side  of  the  tract  is  in  contact  with  the 
hinder  part  of  the  posterior  comu,  near  the  surface,  throughout  the 

•  In  th«  'Neor.  Cent,/  1898,  p.  202.  Dr.  Philip  Zen  tier  deicribua  »  cbm  of 
iurtiour  of  tlie  k'ft  «ide  of  the  brain  iu  wbicli  the  puralydft  wai  on  the  left  Bide  of 
tbe  body.  Tlie  pc>8t*mortem  exmininEitioD  alioTred  il^it  tlieru  was  "absence  of  tbe 
pyramidiil  decasBation."  It  is  not  tlaicd  whether  Miircbi'i  ttiethod  was  used  in  tbe 
eSAmioation. 
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entire  lengtli  of  the  oord,  but  further  forwards  it  is  separated  from  tlie 

neck  of  tlie  cornu  and  intermediate  grey  substajice  by  a  layer  of  ner\-e- 

fibres,  termed  by  Flecbaig  tbe  lateral  limiting  layer  (l.  x,  l.,  Fig.  65). 

Among  the  fibres  of  the  pyramidal  tnict,  in  the  dorsal  and  cervical 

regions,  degoueratioa  reveals  a  few  other  fibres  tliat  belong  chietly 

to  the  cerebellar  tract.    The  lateral^  pyramidal  tract  diminishes  in 

size  from  above  downwarde  as  its  fibres  end  by  ent^jring  the  grey 

matter;  those  that  extend  lowest  (for  the  leg)  occupy  the  posterior 

part  of  the  tract  in  the  cer\rical  region.     The  fibres  curve  inwards 

along  the  septa  that  extend  from  the  grey  matter  into  the  lateral 

column,  and  they  eater   the   grey  matter  Ijetween  the  anterior  and 

posterior  cornna.     They  pass  inwards  and  forwards  in  the  anterior 

comu,  and  are  then  lost  in  the  complicated  structure  of  the  grey 

matter.     Their  probable  tt^rminatiou  irill  be  considered  presently. 

The  aftterior  or  direct  j»i/rami<iai  tract  (called  also  the  "  column  of 

Tiirck  ")  descends  the  cord  in  the  inner 
part  of  the  anterior  column,  adjacent 
to  the  anterior  median  fissure.     Its 
exact  form  and  size  vary :  usually  it 
bounds  the  fissure  on  each  side ;  some- 
times it  forms  only  a  small  tracft  at 
the  posterior  part  of  the  tiasure  ;  when 
large,  it  not  only  reaches  forward  to 
the  front  of  the  cord,  but  may  cause  a 
pr«^mineuce  on  the  surface  bounded  by 
a  distinct  sulcus .     Its  extent  down  tlie 
cord  probably  varies  nccordiug  to  its 
size.     It  steadily  lessens  in  area,  and, 
if   originally  amaU,  may  not  extend 
beyond  the  middle  of  the  cervical  en- 
largenit'ut;  if  originally  large»  it  may 
ot  the  m.aaorea,    n  tn.n  i    the   *»  traced  as  far  as  the  lumlmr  enlarge- 
upper  i^ectlou  i»  from  the  lower  ment  and  even  into  the  cord  at  the 
cervical,  »nif  ihoirt  the  ascendinj^  l^vel  of  the  fourth  pair  of  sacral  nerve- 
colomu  ■preftdmg  out  agftiii.t  tlie   ^^oU*  (Fig,  72);   when  bearmg  the 
coinmiasare.    The  oiber  flgiiFe  is   usual  proportion  to  the  lateral  tract, 
Sr^nrr-ofirJ-p^ttri  it  ceases  aW  the  mid.do,.al  region. 
ttMU,  anterior  and  btcniL  Most  of  the  fibres  pass  through  the 

anterior  commisi^ure  to  the  opposite 
side,  either  entering  at  once  the  gi'c^y  matter,  or  passing  first  to  the 
lateral  tract.f  The  latter  is  probably  the  course  of  most  of  the  fibres 
when  the  pyramidal  decussation  is  smalh  Whether  any  fibres  end 
in  the  grey  matter  on  the  same  side  of  the  cord  we  do  not  know. 
Disease  of  the  brain  destroying  the  motor  cortex,  or  the  fibres  which 

♦  Dejerhie  and  Tbomau,  *  Cutni»u  EandV  1890^  p.  1B7»  Eu*«sll  tmoea  it  to  th« 
6tb  legmeTit, 

t  Although  thU  i»  probrtble  th^Te  is  no  deftDite  evidence  of  it  except  in  tbe  ucnU 
ivgiott  (Russell.  •  Braiii/  1898). 


Fift.  72.— Ascending  and  de*ic<»nd. 
ing  degenerations  from  myelitis 
of  the   rnhd-doreal    r«  (jiun 
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deacend  from  it  to  the  pjramids,  causefi  deacending  degeneration, 
usuaily  Uuiited  (at  least  in  conepicu- 
oua  degree)  to  the  related  pyra- 
midal tracts, — anterior  on  the  same 
side,  lateral  on  the  opposite  side 
(Fig.  73) .  But  in  manj  cases  slight 
degeneration  has  been  also  found 
in  the  lateral  tract  on  the  same  side* 
extending  into  the  Inmbor  region. 
Hence  it  is  probable  that  some 
fibres  of  each  antorior  pyramid 
find  their  way  to  the  lateral  tract  on 
fhe  same  side,  and  descend  to  the 
coiresponding  liinbs,  especially  to 
the  leg.  This  degeneration  of  the 
lateral  tract  on  the  same  side  as 
the  lesion  is  sometimes  very  marked 
jaat  below  the  decussation  of  the 
pyramids,  and  is  therefore  not  due 
to  any  lower  re- decussation  in  the 
cord.*  Miiratoff  has  shown,  by 
extirpation  of  the  cortical  areas  for 
the  ex  t  re  mi  ties,  that  a  bundle  from 
the  bulbar  pyramid  descends  into 
the  lateral  pyramidal  tract  of  the 
same  side.  This  has  been  con- 
firmed by  Rothmann  and  also  by 
Melius  and  by  Sherrington,  who  for- 
naerly  held  a  different  view.f  That 
there  is  such  a  physiological  relation 
is  clearly  indicated  by  clinical  facts. 
We  shall  afterwards  see  that  there 
is  abundant  evidence  that  each 
hemisphere  of  the  brain  is  con- 
nected with  both  legs,  although 
chiefly  with  that  of  the  opposite 
side.  There  is  also  a  similar  and 
even  more  equal  connection  with  the 
trunk  muscles,  and  a  slighter  con- 
nection with  certain  muscles  of  the 
arm.  Such  muscles  invariably  re- 
gain some  power  on  the  paralysed 
side,  even  with  a  complete  inter- 


Fid,  78,^DeBoenclinf  deiyeneration  of 
the  pyrmitMdul  tract*  in  a  cmmb  at 
faemiplegU  from  disetiie  of  the  right 
cerebrwl  heniiBphere.  (From  Mc 
tioDs  prt;pared  by  Dr.  Untt.) 


•  Pilrea,  *Arch.  de  Phjuiolog-ie,'  1874;  Hodden  ^nd  SUerringfton,  *  Brain/  J»ii., 
1886.  An  iliq.str&tion  of  tMa  btlnt^ral  degeoeration  will  b«^  found  in  the  Bi.>ctioQ  on 
J>iieBM«  of  the  BrAin.  Vol  II 

t  Sritrmt>ir»  *  Near.  CenlrulblV  1993  f  Melltii* '  Pn^o.  Rojml  Societj,'  1894;  Shar- 
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V^|lil^»»^lW»»|(Mlk«i^^V  are  weakened 
liillL  Vlll>  «*kiilDl  ik  tWwtdMred  ftuiher  in  Vol.  n.  On  the 
vW  IK^  y»fcftl^  «ii«4NMb»d  toggost  that  the  arrangements 
v^»»MiM^  ^Wk  wkttNl  miy  in  different  persons,  just  as  do 
x4M  'J>>^*^NNiW»ltw»  ^  Um  j^ramidt.  The  fibres  probably  in 
vUMi  ViM^liM^^  ^iMKVda  <m  the  same  side  until  thej  reach  th 
^t  fH^  ¥M^Wr  <to  i^Ml  th^  are  destined.*  In  other  cases  n 
HMM(>  9*  ^k(W«fc  «»••  *t  the  bulbar  deoossation  Lastly,  there 
^NNNimtiit^  tk»l  %  <»<Maieciian  between  the  motor  oells  or  stmctu 
VW  I^V^  «MkMi  «M^  iiippltment  the  deoa8sation.t 

M^M(  <j|i^  tk#  tW«i ^  tlM  pyramidal  tract  eudP    They  seem 

^'MMI  UW  tk#  ii^Wnaediala  grey  matter,  and  forwards  into  the  ao 

vHMA^VW  (MN^Qilim  IK»  motor  nerre-cells.     There  they  are  lost  ij 

v4iMVM  9l  tW  tlKiaE^  lubstanoe.    There  is  strong  indirect  evi 

i\j^%  ik^yi  4iv«lo  101^  tubdiyide,  and  that  their  ramifications 

iutv^  (vUto^  wHh  the  plexus  of  nerre-fibrillflB  constituted  b 

UvivUmr  )MCVOe««#a  of  the  ganglion-cells.     The  evidence  of  tJ 

i\ivv4!vM.     Ai  1^  as  is  at  present  known,  only  one  process 

tjiVimUv^-gd)  WcoiUM  an  axon;  the  others  divide.    The  axon  p 

iuUx  tv«  fkWtWHMT  roots  it  can  be  seen  to  do  so  in  the  case  of 

tf44(U0M^c^ll»  (Vi9^  68)»  Mid,  as  we  have  seen,  the  number  of  gang 

vHxlk  fU^4  MVloi'^or  root-fibres  is  nearly  the  same  in  the  frog, 

lUai>^l(Mr^  y^«V«uinaUly,  in  man  also.    Since  some  root-fibres  arc 

mokM*,  iki^  uuiubor  of  motor  cells  may  safely  be  assumed  to  1 

luaii^  Uot  amallor  than  that  of  the  motor  fibres;  thus  each  fibre 

)ti4Y0  9k^  WaMt  OUO  1H>11  related  to  it.    If  so,  since  the  pyramidal  £ 

•ai^   «#rlaiu^    oo«ueoted    with    the    ganglion-cells,    the    connec 

^4U  im\^  W  by  the  dendrons  or  ramifying  processes  of  the  i 

•tu^i   t-Uii  lMVi4vt>S  a  division  of  the  nerve-fibre.     The  dividing  : 

i^uUUiU  l\y  Uwlaoh.  and  shown  in  Fig.  69,  may  have  been  a  bn 

'i  a  |\vvai«iilal  ttUit>.     The  second  point  in  evidence  of  divisio 

iUt»  Ifmil  ik^at  t\\^  uorve-oells  and  root-fibres  must   be  many  ti 

miV^  MWmWHms  (hau  the  fibres  of  the  pyramidal  tract.J     But 

Hu  at  \m^^  m\»st)  x^  the  motor  root-fibres  may  be  stimulated  thro 

iUii  ^'.Viaiuivlal  HUvs.  and  therefore  each  of  the  latter  must  be  < 

\\M\\isi\\  y({i\\  M^ivt^ml  j^aiiglion-cells.    Physiological  considerations  e 

k^tuii  Uia  saiutt  iHUiolusion,  which  is  fully  confirmed  by  the  new  hi 

,  lug^uu, «  Um^\;  IIIP4  tiil  I »  Kothmann.  'Near.  Centralbl.,'  1896 ;  Redlirb,  il 
l«\l?,  IMr  )Mti)K<>l*l«iii«<iby  the  method  of  degeneration,  have  been  fur 
Uuuv.  uu^  Uv   >h«  lH|r*iiloUi  •iperimenta  of  Wertheimer  and  Liepage  («Arcl 

*  X^Msy^  Hiui  TluMUM  have  traced  homolateral  fibres  a.  low  as  the  4th  sb 
V  r  t\MM».^,  \Wmi:  loo.  oit.).  Ruwell  to  6th  root  (•  Brain    loc.  c.t.). 

t  Mv.H.M;*uK  lUdd....  In  .  unilateral  lesion  of  the  cord  the  paralysed  foot 
UM..*  y^ikU  y\y^  uMior.      8uoh  •  connection  of  nncle.  wa.  ongu.ally  ,uggeate<] 

iU^.^.S,.  M,»*lH  Ih.  a.«.,.tion  of  ^^;;«;^37;rohBbly  at  least  fi.e  t 
J  '\\»  mm  •!•«  of  th.-  «nt«rior  roof  <"        ™"'  "  v  . 


Fl*.  7^-  —  De^eiieratiuu  of  t)«« 
•ntero-bteriLl  Rtcendiagr  triict  it) 
•  caM  f^  locomotor  fttazjr  (q.  t, 
§gan),  tbowiiig  its  position  ia 
tiM  opp«r  c«rvieAl  rei^^ioTi.  where 
tb«  direct  cer«belliir  tnct  pii»M6t 
oatekUit.  luto  lb«  re»til'orm  bodj. 


f«,|<tm  \\\  tb*  pouter* '-mediita 

*-^ "    ■♦"<!    Hnlem-lnti^rrtt 

i»»ct.     Tfet*  i>)rd 
I  at  the  firvt  lum- 


Vm.  77.  -  Dvg«Mff«iion  «ft«i 

injury  to  tite  i^udA  «q«inc. 
C  ■«  b,  e.  upper  aiddte  aad 
lower  errvicral  j  D  >,  np^irr  i 
h,  e»  lowr-r  dorw^  i  L  a, 
upper;  and  L  h,  middle  Ihibk 


mxuK^tlMOB.    It  will  be  f ocmd  that  this  oonoeption  of  tlw 
duces  ta  clearer  ideas  of  luiiny  facts  of  disctUie,  and  it  is 
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important  to  grasp  it  firmlj.  We  sliall  see,  for  inetance,  that  diseases 
involving  any  part  of  a  neuron  produce  similar  effects,  however  diverse 
their  nature;  while  there  is  a  fundamental  difference  between  the 
effects  of  disease  of  the  two  neurons.* 

Fibres  that  degenerate  downwards  through  the  greater  part  of  the 
oord  are  also  scattered  through  the  antero-lateral  column,  in  a  zone 
that  extends  beneath  the  surface  between  the  direct  pyramidal  tract 
and  the  direct  cerebellar  tract.  Some  are  mingled  with  the  fibres 
of  the  ascending  antero-lateml  tract  preseully  to  be  descril  ►ed  ;  others 
lie  beneath  this.  It  is  possible  that  they  really  belong  to  the  crossed 
pyramidal  tract.  They  have  bfoii  termed  by  Foster  the  descending 
antero-lafercd  tract, f 

Bechterew  has  pointed  out  that  the  erossed  pyramidal  tracts  as 
mapped  out  by  the  degeneration  and  embryological  methods  do  not 
correspond.  In  other  words,  the  area  of  non-myelinated  nerve-fibrea 
found  at  birth  is  much  greater  than  that  degenerating  as  the  result 
of  section  of  the  pyramidal  tract  high  up.  Boyce  and  Sakowitsch 
have  shown  independently  that  the  axons  of  the  remaining  area — 
which  is  situated  at  the  anterior  end  of  the  crossed  pyramidal  tract 
— descend  from  the  posterior  corpora  quadrigemina.  J 

Fibres  degenerate  upwards  in  both  the  kteral  and  the  posterior 
columns.     We  may  consider  the  latter  first. 

Each  poaierim'  column,  as  we  have  seen,  is  divided  by  the  imperfect 
"  intermediate  septum  "  into  two  parts, — a  narrow  "  postero-median 
column,"  and  a  wider  "  postero-eitemal  column**  (Fig.  65).  In  the 
bimbar  and  sacral  regiona  it  is  not  possibl'.*  to  sepanite  the  postero- 
external from  the  postero-median  column,  as  can  be  done  in  the  dorsal 
and  cervical  regions.  The  differeutiation  is  not  completed  below  the 
level  of  the  eleventh  dorsal  segment.     Secondary  degeneration  con- 

*  Thti  conception  of  the  motor  path  was  published  in  its  present  fonxi  (exii^pt, 
of  c«ur»e,  that  th*  neuronic  noMii-m'lwlure  had  udC  then  been  intr«'diiced)  in  the  drat 
efljtion  of  tlnH  book  in  Aiijjrust,  1886.  By  a  carioua  coincidence  nearly  tlje  same  iden 
wus  stated  (no  doubt  independtrntl^),  and  even  the  a&me  tt?ruuuotog)r  employed^  bj 
Dr.  v.  Bena  in  tbe  'CentrwlblEitt  f.  NerTenkr,/  October  IStli,  1886. 

t  Foster,  *  Physiolo^^v,'  1890,  p. 870.  See  also  llndden  and  Sherrington^  'Brain/ 
vol.  Tiiij  and  Tooth*  *  Sccondury  Degeneration  of  the  Spimii  Cordj'  1889.  LwciHiii 
und  M»rchi  itate  tbat  thi»  tract  la  uminly  com  posed  of  axan»  descending  fruiti  the 
cerebolluin,  a  view  wbieh  is  upheld  by  Biedl  (' Neurol,  CL-utralbl.,'  1895).  Ru^s^'ll 
detiitjs  this*  iind  aUtes  that  then©  axons  wrg  derived  itntinly  froui  Deiter'a  nucleim 
in  the  m^dalla,  a  view  with  which  Mott  agree*.  Held  haa  nhown  tliat  fibres  derived 
from  tiiQ  red  nucleui  puas  into  the  lateral  column  oi  the  cord  {'  Archiv  f»  Auuu 
n.  Phyvlol/  1892). 

%  Sm  IJechterew,  'Neurol.  Centralbl./  1897,  No.  23,  where  a  tract  in  the  iinterior 
ground  bundle  descending  Irom  the  autfrior  ixirpora  quatlrig^mina  k  also  de- 
acrtbed.  The  term  **  retrograde  degeutTrition  "  has  b*»eii  rtpijlied  by  Skittaa  auil 
othert  to  an  »i-<^eendiug  chaiit^'6  whiuh  occura  iu  ct»rtatii  cnsea  In  tlie  iiyrtimiJal  tracta. 
This  degeneration  ii  alow  in  developing,  aud  underga«B  gradinil  diniinutioti  in 
intcDBity  and  extent  as  it  a«caiuU.  A  jftmilMr  coiulitian  ha^^  been  Tnund  in  the 
poiiterior  culumnif  alter  ci^rebrid  l*"»jt>ik'.  {Oumnte,  *  Rtv.  neurolo^iijue,*  189H),  iind  in 
the  direct  cerebellar  tract  after  a  cerebelbr  lesion  (Gattipbel],  '  Bnila/  iHOl)* 
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firms  tliis  distiuctioa.  If  the  posterior  coliimns  ar©  intemipkHl 
auy where  ia  theix  course,  asct^iiding  d^eneration  results;  and  this. 
a  short  distance  above  the  lesion,  is  confijied  to  the  posterior  mt^diaa 
column  (Figs.  72,  76,  77),  in  which  the  degeneration  continues 
upwards  to  the  medulla  oblongata,  and  ends  there  at  the  gn^v 
matter  of  the  "nucleus  gracilis."  The  fibres  of  these  median 
cohinms  degeneiute  in  the  same  way  when  the  lesion  is  not  in 
the  cord,  but  in  the  po&terior  nerve-roots  (as  of  the  t-auda  equina, 
Fig.  77).  Hence  it  is  clear  that  these  fibres  are  continued  upwards 
from  the  posterior  nerve-roots  without  internijttioQ.     The  contrast 


Fio,  78. 


Fia,  7iK 


FlO.  78. — Deff4'inT!itioj]s  af t*r  n  lesion  of  tb«  cord  In  the  lower  part  of  the  curricml 
r«i;ion»  A,  hi(fhp«t  cervical ;  B,  niiddle  ci^rvital  li  cm.  iibovi*  li*«iiou.  DeuMicnition 
of  tho  }K>stiTiiJr  ineiliaii  coluranii,  sprfadiii^  sliglitly  iii  a  »wd  widely  in  b  into  Ibo 
poflt.  t'xt.  I'ol.  The  n&turc  of  the  circumfL^rantbl  defeneration  h  ttU4  ertam ;  it 
Ib  probjibly  i»  p»rtitt!  iMoendirip  degeneration  set  up  by  pijriphvml  myelitiJi, 

Cf  iipperdor«Hl  2  cm.  bolovir  leaion.  Defeneration  ot  ibe  laUsral  pyrftmidsl  tractn ; 
"corauiU'sbaped"  di>geiiifTatioii  in  front  of  the  post.  tut.  col.;  alight  degeneiti- 
tion  of  tlie  anterior  irroiind-flbre«.     (SfllriilUe.) 

FlO-  79. — Aarendinur  dcueoeration  niter  injury  to  the  lowest  purt  of  tb«  ipiiial 
cord  and  sciatic  nerve-root*  iitiVmjr  from  it,  A^ornrical ;  b,  lower  doriAal;  c,  jiinctitm 
of  doTBiil  and  lumbar  regions  ;  i\  nnddl*  of  lutDbar  enlargement,     (After  Scbiilt/t'  ) 

between  these  degenerated  columns  and  the  undegeuerated  eit^jmal 
columns  throuj^h  the  greater  part  of  the  cord  above  the  lesion  (Fig.  7(3) 
is  very  striking.  But  just  above  the  lesion  the  def,'eneration  is  not 
confi.ned  to  the  median  oolurans ;  it  spreads  uut  into  the  external 
coluuina,  especially  tt>wardts  the  hinder  suiface,  and  the  more  eiUui- 
sively  the  nearer  to  the  lesion,  until  close  above  this  the  degeneratt'd 
fibres  occupy  the  whole  extent  of  the  posterior  column,  except  a  small 
close  to  the  ix)fiterior  cornu.     This  is  due  to  the  fact  that  tiie 
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fibres  pass  to  the  median  column  through  the  hinder  part  of  tlie 
external  column.  It  ia  the  same  whatever  is  the  seat  of  the  lesion, 
whether  it  ia  ia  the  cervical  (Fig.  78),  dorsal,  or  lumbar  (Fig.  79) 
parts  of  the  cord ;  and  if  it  is  in  the  cauda  equina,  the  degeneration 
spi-eads  out  in  the  same  wav  in  the  lumbar  enlargement  (Fig.  77). 
This  shows  clearly  that  all  the  way  up  the  cord  fibres  pass  to  the 
median  column  from  the  external  rolmnn,  and  that  those  are  uncrOfts<'d 
libres  from  the  posterior  roots.*  As  the  fibres  ascetid  the  cord  in  the 
median  columii,  they  coiiip  to  lie  posteriorly  in  proportion  as  their 
source  is  lower.  Those  from  the  sciatic  nenres,  for  instance,  in  the 
lower  cervical  cord  only  occupy  the  |>osterior  half  of  the  columns 
(Fig.  79).  Those  from  the  whole  lumbar  enlargement,  or  whole 
Cauda  equina  (Fig^  76),  reach  forward  t^3  the  C4>mimssure  in  the  lower 
corneal  region,  spreading  out  a  little  near  the  commissure,  where, 
however,  the  degeneration  is  much  less  dense  than  it  is  behind 
Above  the  middle  of  the  cervical  enlargement  the  degtmeration  from  a 
lesion  in  the  dorsal  or  lumbar  ret^rions  does  not  extend  forwards 
beyond  the  junction  of  the  anterior  and  midille  third  of  these 
columns ;  but  if  the  lesion  is  in  the  cervical  region  the  degeneration 
extends  up  to  the  commissure,  even  at  the  level  of  the  second  cervical 
segment  (Fig.  78,  a),  showing  that  the  fibres  from  the  cervical  roots 
occupy  the  anterior  portion  of  tliese  coluinns.  It  is  now  known 
that  most  if  not  all  root-fibres  divide  on  entering  the  post^-Tior 
columns  into  ascending  and  descending  branches  With  the  course 
of  the  former  we  have  just  been  occupied  ;  the  latter  nm  but  a  short 
way  down  in  the  ford  and  tt^rminate  by  turning  into  the  posterinr 
comu  and  inosculating  with  the  cell-demi rites  there  found. 

It  is  iraporta,nt  to  remember  that  the  nxtt- fibres  that  pass  to  the 
median  column  through  the  external  column  do  not  decussate.  Ill  is 
is  not,  however,  the  only  source  of  fibres  to  the  median  column. 
Fihr<?8  pass  to  it  (1)  from  the  neck  of  the  posterior  horn,  across  the 
anterior  part  of  the  external  column,  curving  backivards  (Fig.  80,  x) ; 
many  of  them  extend  almost  to  the  postero-median  scptimi.  They 
ane  **  endogenous,"  t  e.  they  arise  from  cells  of  the  posterior  comua. 
In  the  posterior  columns  they  bifurcate  into  ascending  and  desuendlos? 
lx>rtaonS|  the  former  of  which  may  in  certain  parts  of  the  cord  form 
short  but  definite  tracts,  such  as  the  "comma"  tract  of  Schultzef  and 
that  in  the  lumbo-aacral  region  referred  to  below.  These  descending 
fibres  terminate  in  all  probability  by  again  taming  into  the  grey 
matter  of  the  posterior  cornua.  [2)  From  the  posterior  commissure  in 
the  middle  line  (Fig.  80).  These  are  very  numerous  and  conspicuous 
in  the  lumbar  enlargement.     They  course  backwards  in  the  septum 

*  Except  in  case*  in  which  the  c«!rviea1  rooba  are  iiffi^cled  iu  which  degeneration 
!•  restricted  to  th«  poftera-extfnuiL  t^alumii  teriiiiiuiliiig'  in  the  cnntMittJ  uncletis, 
Gombftult,  *BalL  i1«  In  Soc.  d'Annhmiie,'  1891;  Sottaji,  'Rev,  de  Metl,,'  189:< ; 
Dt»jerine  and  Th'»mts,  '  Oompt,  Eend.,'  1896;  Souqucst,  •  Compt.  Eetid.,'  1805; 
Bii»H«ll,  •  Bmiii/  IS'Mk 

t  '  Arcb.  f.  Pi.yBiQl./  1883. 
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>.,>««t  M0B  vwr««i^i»  ^  iftcii  side  infa  the  ai^jac<?nt  ooluinn. 
v't^M^  IkvM  ^  yfNil^fkkr  Aud  lateral  c^ohimus  of   the  opposite 
g^nl^v^  ^  iW  •n^ptiuD.     Some  anae  from  posti^rior  root- 
s' tW^ik  <«Di  lA  1^  poiteriar  eornua. 

•tmkitrm^Tfj}  rifto  t^«re  is  a  narrow  tract  of  fibres  clotie  to 
*  •I'ptiim.  thnt  is  appa.retit.ly  of  different  nature 
^In<^  Mil  9i  ^  oolumn.  It  is  lenticular  on  transyerae  sectaon, 
*vi^^  #  UmAW^^I^  ^IJ^  «!«•'««*  i^  !'••'*»  ^.  71,  and  faintly  in  L  b, 
^V  ^'^i  ^  ^  ^^  *^^^  ^'^"^  ^^  ^^^^^  lumbar  to  the  second  sacral 
«v>^uM^U.  1%  )»  tUiliayuiabed  by  a  difference  in  time  of  deydopment 
V^'iwvk^mlk  mA  ^  fir«tdoia  from  the  secondary  degeneration  that 
vuvv4xv«  ^  tfit  at  tho  oolumn.  It  has  been  observed  to  imdergo 
asv«vv4^Uim  d^j|W«mtlo»  in  a  certain  number  of  cases,  and  its  fibres 
^y^K'^K  ^  Wimin^i^  i»  ^^  posterior  horn  of  the  same  side.  Thar 
xvii^iu  i«  UU9^irlaiA>  but  they  are  probably  endogenous  and  not  directly 
v^iwuv^^u4  witk  the  posterior  root*  A  careful  study  by  Pineles  has 
«UviWU  Mk  th«sX  tM  to  degenerate  in  tabes,  and  they  also  escape  in  the 
^Ivguuvxr^Uw  asiovxiated  with  an»mia.t  This  tract  is  possibly  identical 
v^AtU  ^^Wv4^*lil'«  '*  OYal  field,"  and  is  also  known  as  the  septo-marginal 


i  ^,i  no  I*  -tiM  lor  o*»ruu  nnd  coliimn  at  the  last  dorsal  segment,  p.  ir.  0.,  postero- 
tutUttu  mUuMH  i  I*.  M.  O.t  puateru-external  column;  P.  M.  8.,  posterior  median  iep> 
t  tutt  I  ( ■  \i  I  ^tuM^Mi  iov  ooiimilssure ;  v,  commiMure  yein.  P.  Y.  0.^  posterior  Tesicular 
»-.|mt.u  ,  (i  i»„  iuput  c«>riiM  ;  P.  R.,  posterior  root;  a,  an  artery;  d,  d,  d,  adjacent 
I,.  ,i  uitiji  uf  %\\»  lattitttl  column,  indicate  the  tracts  of  fibres  passing  from  the 
H>tui(t  >iut)  iidorior  of  thu  posterior  vesicular  column  along  the  septa  of  the 
lO^ttl  viuUuuH,  lit  f»ir«»  the  direct  cerebellar  tract;  x,Xf  tracts  of  fibres  passing 
M.<ti(  Htw  U»'t'k  of  \\\%s  horn,  near  the  post,  vesic.  col.,  to  the  post-median  column. 

•  ii,,.  WMwx  •  Nourol.  t'entralbl.,'  1896;  Bruce  and  Muir,  *  Brain/  1896. 
\    hi   ««u  illktaliutlon  of  this  tract  see  later,  where  the  degenerations  associated 
„ii(t  iuuouUit  arii  ViifMirml  to. 
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It  is  TGry  doubtful  whether  all  th©  fibres  that  enter  the  postero- 
median  columns  continue  in  theso  to  the  medulia.  Some  certainly  do, 
but  the  upward  increase  in  size  of  the  columns  seems  to  t>e  far  toa 
small  for  the  accommoiiation  of  aU  the  fibres  that  seem  to  pass  to  them. 
At  the  same  time  we  have,  at  present,  no  indication  of  the  mode  in 
which  fibres  leave  these  columns. 

At  the  medulla  oblongata  this  column  becomes  filled  with  nerve- 
cells,  the  jpoiUfyramidal  nucleus^  so  called  because  the  highest  por- 
tion of  this  column  baa  been  termed  the  poitierior  pyramid  of  the 
medulla.  It  is  also  called  the  nncleve  gracilis.  The  discovery  that 
the  fibres  of  this  column  are  continuous  with  the  nerve-roots  invests 
the  poet- pyramidal  nucleus  with  considerable  importance^  Biuce  its 
nerve-cells  are  the  first  with  which  these  r<>ot-fibreB  are  related,  and 
secondary  degeneration  hence  stops  hero.  The  upward  degeneration  of 
the  median  fibres  implies  upward  conduction  ;  their  probable  function 
will  be  considereii  in  the  next  section.  It  is  now  known  that  not  all  of 
them  end  in  the  gracile  nucleus;  some  enter  into  the  external  arcuate 
fibre-system,  while  others  run  in  the  restiform  body  to  the  cerebellum. 

T!he  ptMiero-eseternal  column  (*'  column  of  Burdach,"  containing  the 
''posterior  root-zone"  of  Charcot)  consists  chiefly  of  vertical  fibres. 
Many  of  the  posterior  root- fibres  pass  through  it,  horizontally  or 
obliquely  (Fig.  S5).  These  either  curve  inwards  to  the  posterior 
horn  (some  first  inclining  upwards),  or  pass  obliquely  upAvards  and 
inwards  to  the  median  column  and  constitute  the  fibres  of  this  column 
that  are  continued  from  the  nerve-root.  Across  the  anterior  part 
fibres  also  pass,  aa  just  described,  between  the  neck  of  the  posterior 
horn  and  iht.*  median  column.  The  vertical  ground- fibres  of  the 
external  column  have  apparently  only  a  short  course,  since  they 
degenerate  for  only  a  few  centimetres  above  or  below  a  lesion*  The 
longest  descending  degeneration  is  of  a  *'  comma-shaped  tract,"  in 
the  middle  of  the  anterior  third  of  the  column  in  the  dorsal  region, 
which  may  degenerate  downwards  for  eight  or  ten  segments*  (Fig.  78). 
These  vertical  fibres,  of  short  course,  may  connect  the  grey  matter  of 
the  posterior  horn  at  different  (but  adjacent)  levels ;  this  is  rendered 
proliable  by  the  fact  that  they  degenerate  in  transverse  lesions  of  the 
cord  but  not  in  those  of  the  posterior  roots. t  This  column  is  larger 
in  the  swellings  than  it  is  in  the  dorsal  region,  chiefly  in  consequence 
of  the  larger  nuniljcr  of  root-fibres  that  pass  through  it.  Above,  it  als<> 
ends  in  a  grey  nuck'iis,  the  posfero- external  nucleus  or  euneaie  nucleus. 

Bftth  tlit'SJ'  posterior  nuclei  are  connected  directly  with  the  cortex 
of  the  opposite  hemisphere,  and  chiefly  with  the  ascending  parietal 
convolution.     Fibres  also  pass  from  them  to  the  cerebellar  hemisphere 

•  Horln',  '  Arch.  f.  Faych.  u.  Nervtiiikrank..'  xxvii. 

t  G>»)iil>ault  nnd  Philippe,  *S«nj.  MM.,*  1894.  This  U  onlj  trae  of  exptirimental 
divisimi  of  the  posterior  rooU,  not  ol  two  tnsea  de»icril>tni  by  Dejerine  »Dtl  Thofflag 
('Conipt,  R«nd./  18y6),  and  Naitjeotte  (*  Ifev.  N&urolo^'iqoe,'  1895),  in  wbi.-h  tbu 
ilejjenHnilimt  wa»  found  fco  extend  down  tbe  cord.  See  iil»io  Rutscll  ('  Brain/ 
Saifuiter.  18^8), 
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of  their  own  eide,  which  is  connects  with  the  same  region  of  the 
cerebral  cortei,  probiibljr  through  the  red  nucleus  and  optic  thjiUmw-* 
The  two  nuclei  (of  both  sides)  are  also  found  (bj  deyelopmenlAl  l^ 
searches)  to  send  fibrtis  through  to  the  inferior  cerebeUar  pedinicll,t 
and  fibres  pass  from  the  postonor  median  nucleus  to  the  middle  lobt 
of  the  cerebellum  on  the  same  Bide,J  a  fact  of  considi^mbld  aigm- 
ficance.  Two  other  tracts  of  endogenous  fibres^  i,  e*  fibres  not  deriTeJ 
from  the  roots  but  from  cells  in  the  grej  matter  of  the  cord  iUAi, 
hiive  been  described  in  the  posterior  columns — one  hj  Marie,  ti* 
comu'commisdural  trad,  in  close  relation  to  the  posterior  oommiBstint 
throughout  the  sacral  and  lumbar  rej^ions  of  the  cord;  Ui«  oibflr. 
which  has  been  named  the  sepfo-murtjinal  tract  (see  p.  218), 
proximity  to  the  septum  as  high  as  the  elerenth  dorsal 
Some  observations  would  seem  to  indicate  that  it  may  originate 
as  the  cerrical  regions.  §  These  tracts  remain  undegenerated  in  Ubei 
dorsalis,  and  in  the  degenerations  associated  with  ansenaiA  (p»  218)* 

The  "  direct  or  dorsal  cerebellar  tract  **  is  another  series  of  Ebrei  tta 
degenerate  upwards.  It  forms  a  layer  at  the  periphery  of  ihe  latcfBl 
oolunin,  outside  the  pyramidal  tract  (Fig.  65),  but  do«8  not  eiienA 
through  the  whole  length  of  the  cord«  ceasing  below  at  the  lerel  of  tb» 
first  lumbar  nerve  (Fig.  71).  The  anterior  part  of  the  tract  (as  teen 
in  section)  does  not  eitend  forwards  Ix^voud  the  level  of  the  latCTsl 
pyramidal  tract,  although  it  was  formerly  thought  to  do  so  beoMiie 
there  are  other  fibres  in  front  of  it  that  also  degenerate  upward*, 
und  these  were  not  distinguished  from  those  of  the  tract.  But  near 
its  upper  and  lower  extremities,  at  the  level  of  the  second  cernflil 
ner?e€,  and  also  in  the  lowest  part  of  the  dorsal  regiou.  the  tract  liei  a 
little  anterior  to  its  position  in  the  rest  of  the  cord,  and  hence  at  tbwp 
places  the  i>yraimdal  tract  comes  to  the  surface  behind  the  ci*rebelkr 
tract,  dose  to  the  posterior  nerve-roots,  up  to  which  elsewhere  the 
cerebellar  tract  extends.  The  tract  increases  somewhat  in  sise  from 
below  upwards,  and  hence  receives  fibres  throughout  ita  oourse,  but 
most  of  its  constituent  fibres  enter  it  at  the  level  of  the  lowest  dorsal 
and  first  lumbar  nerves,  i.  «.  at  its  lowest  part.  These  fibrot  oasMS 
from  the  grey  substanoe.  passing  through  the  lateo^al  oolnmn,  along 
the  septa  that  cross  the  pyramidal  tract  from  the  grey  matter.  In  tiie 
latter  th«^s«  fibres  are  conspicuous  objects  at  this  level  (Fig.  80»  d,  <i)« 
passing  transversely  and  obliquely  from  the  front  of  the  posterior 
Tfsicular  column.  Into  this  many  of  them  can  be  traced;  otlwrt 
rlioir  direction  and  become  vertical,  perhaps  passing  into  the 
r  column  at  a  tliffeixjnt  level.  It  is  now  known  that  the  fibiM 
lu  lhi«  column;  the  cerebellar  tract  is  chiefly  formed  at  thai 
h«  cord  at  which  the  column  is  most  developed,  and  the  oeUs 

•  Sm  Klffch*})^  fttid  UomI,  *  Neofol.  Cent./  1890,  p.  417* 
f  ll«rkitilic^viuch  »tid  Freu4  ib  »  IS96,  p.  121. 
I  BucUUrrow,  •  Wji.lttik  P.ych  ,  A**./  1880, 
i  A.  Bnic#, '  Brvln/  Atituinn,  1897. 
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of  thifl  ooliamn  have  bec*D  found  atrophied  when  the  cereheHar  tract  is 
degenerated.  •  Moreover  modem  fltaiumg  methods  have  demonstrate  J 
the  origin  of  the  axons  of  the  direct  cerebellar  tract  from  the  cells  of 
Clarke's  column.  It  ha,8  also  been  shown  that  axons  pass  to  this 
tract  from  Stilhng'a  sacral  nucleus,  which  is  the  sacral  homologue  of 
Clarke's  column.  Besides  the  fibres  that  are  gathered  into  the  com- 
pact cerebellar  tract,  others,  apparently  belonging  to  it,  ascend  among 
tho&e  of  the  adjacent  pyramidal  tract, 

The  cerebellar  tract  only  degenerates  when  a  lesion  of  the  cord  is  at» 
or  above,  its  plaxie  of  origin,  the  junction  of  the  dorsal  and  lumbar 
regions  If  the  lesion  is  in  the  lumbar  enlargement,  aa  in  the  case 
shown  in  Fig  76,  the  tract  does  not  degenerate. 

At  the  level  of  the  first  cervical  nerve  (where  the  pyramidal  tract 
leaves  the  lateral  column  to  cross  into  the  anterior  pyramid  of  the 
medulla)  the  cerebellar  tract  lies  in  front  of  the  "  grey  substance  of 
Rolando  '*  (formed  from  the  caput  comu  posterioris),  and  passes  up,  in 
the  restiform  body,  to  the  ceii'belltim,  Smce  it  degenerates  ui>wards 
we  must  conclude  that  it  also  conducts  upwarda.f 

We  have  seen  that  the  lateral  pyramidal  tract,  although  in  contact, 
l^ehmd,  with  the  head  of  the  posterior  comu,  does  not  extend  quite 
up  to  the  neck  of  the  horn  or  to  the  intermediate  grej  substance, 
the  two  l>eing  separated  by  a  "  lateral  Umiling  laifer  "  of  vertical  fibrcK. 
in  part  broken  up  by  processes  from  the  grey  matter  In  the  upper 
cervical  cord,  and  also  to  a  less  extent  in  the  dorsal  cord,  this  layer 
extends  forwards  outside  the  aut-^'rior  horn,  which,  in  thesp  parts,  is 
narrow  It  consists  of  fine  fibres  that  seem  to  pass  into  and  out  of 
the  grey  matter  This  course,  and 
the  fact  that  the  tract  does  not  dege- 
nerate through  any  considerable  ex- 
tent, suggest  that  its  fibres  have  but 
a  short  course,  and  connect  the  grey 
matter  of  adjacent  regions. 

There  is  a  small  tract  of  fibres,  all 
of  small  size,  at  the  junction  of  the 
tip  of  the  posterior  horn  and  lateral 
column  known  as  Lissauer's  tract 
The  fibres  come  fi'om  the  ptjsterior 
roots  ;  they  course  upward  for  a  short 
distance,  forming  the  tracts  and  then  enter  the  posterior  horn. 

•  JS:  jf.  by  Minkowski,  *  Dtiit.  Arch.  f.  kl.  Med.,*  BiL  ijiilv,  p.  433.  S]i|?bt  degene- 
miion  of  Ibo  p^rniukhil  tr«,cts  wmb  liie  only  otlipr  lesion. 

f  In  the  abseoee  of  ovidt^iice  of  coiJtr»ry  dmractcr,  Ilie  direction  in  which  fibre* 
conduct  rnuit  be  aMaoai^d  to  be  that  in  w}iich  they  liegeiifrate.  We  know  of  tio 
esceptiont  to  it  within  the  central  nervon«  ly^item.  Wherever  we  cun  obAerve  the 
rektiotis  thi»  law  obttiina,  except  in  the  periiiheriil  sennory  nerrei^in  wbich  the  cou- 
ditions  «r©  oontpicuously  exceptiooul.  Hence  the  probubility  U  very  great  that  the 
correjipondenoe  obt»inft  where  we  have  not  yet  bveti  able  to  prove  it;  and  to  ignore 
tlie  probability  because  it  it  not  a  certainty  i^  8C4u*eely  reagcmEible^  nlthougli  not 


Fig.  8L — Cervical  •ectioii.  As- 
vending  defeneration  in  poHt* 
med.cni  and  ii!kt>-lat.  asoetiding 
tract,  Bi'comiary  to  a  ]ei«iion  in 
tbe  dorstil  region.  (From  u 
tectiuu  prtpar^d  by  Dr.  Mcitt») 


Tlie  rest  of  the  lateral  column,  in  front  of  the  prrainida!  and  cere* 
beUar  tracta,  cousigta  of  fibres  that  vary  in  size,  course,  and  dat^  of  de- 
Telopment,  Secondary  degeneration,  however,  as  I  pointed  out  some 
je&ra  ago,*  enables  us  to  distinguiah  an  important  tract  which  occupies 
an  insular  area  in  front  of  the  pyramidal  and  oerebjllar  tracts,  and 
degenerates  upwards  throughout  the  cord.  It  extends  across  the  lateral 
column,  as  a  band  which  fills  up  tlip  angle  between  the  pyramidal  a&d 
cerebellar  tracts,  and  it  reaches  the  surface  of  the  cord  in  front  of  the 
latter  tract,  nearly  on  a  level  with  the  anterior  commissure;  it  then 
extends  forward  in  the  periphery  of  the  anterior  column,  almost  to  the 
anterior  median  fissure,  and  up  to  the  direct  pyramidal  tract  when  this 
exista.  I  have  termed  it  the  antero-lateral  ascending  tract  (Figs.  6^, 
71,  75,  76,  and  81).  It  has  often  been  confounded  with  the  direct 
cerebellar  tract,  and  hence  the  impression  arose  that  the  latter  extend  . 
farther  forwards  than  it  real ly  does.  Posteriorly  the  tract  extends  acros ^ 
the  lateral  column  towards  the  posterior  commissure  (Fig.  71,  l.  4). 
In  the  cervical  region  (ib.,  c.  3),  especially  in  the  upper  part,  where 
the  direct  cerebellar  tract  extends  farther  forward,  the  broadest  part 
of  the  ascending  tract  lies  just  with  La  the  anterior  part  of  the  cere- 
bdlar  tract,  aud  extends,  like  a  wedge,  between  the  latter  and  the 
pyramidal  tract. 

This  tract  has  been  found  by  Bechterew  to  undergo  development  at 
a  different  period  from  the  rest  of  the  lateral  column.  It  apparently 
couRtitutes  an  upward  path  from  the  opposite  posterior  roots,  sinoe  its 
degeneratioUp  if  unequal  on  the  two  sides,  ia  greater  on  the  fide  oppo- 
site to  that  on  which  the  imcrossed  yxistero-median  column  is  most 
degenerated.  Its  fibres  do  not  degem^nit^i  when  the  nerve-roots  arc 
divided,  and  hence  probably  spring  from  cells  in  which  the  root- 
fibres  end.  Fil>re8  apparently  pass  to  it  through  the  whole  length  of 
the  cord,  and  these  are  mingled  together,  so  that  the  degeneration 
from  a  lesion  of  the  lower  part  of  the  cord  is  not  dense. f  The  precise 
form  of  the  tract  seems  subject  to  individual  vai'iations.  Above,  its 
fibres  probably  end  in  the  cerebellum.  J 

•  •  Dia^MOHU  ol  DttMsct  of  the  SpinRl  Curd,'  diit  «d.,  1879. 

f  Otlier  illuflt»tioni  of  the  degenemtion  of  thi«  trnct  will  be  found  in  the  eeotion 
on  Locomotor  Atoljr*  For  &a  example  of  iU  defretmration  iind  refeivncet  to  pre- 
▼ious  obaervatioDf,  see  Tooth, 'St.  BHrtholomevr'e  Bospitiil  Reportt,'  18S5,  p.  187. 
8«e  also  i»l«  •  Lectiir«4  on  Secondarj  Degeneration  in  the  Spinal  Cord/  Lend.,  1390. 

X  Experhnfntc  on  rnonkeyi  show  that  the  aiitfro-ltiteral  «icending'  tract  ns  tiere 
described  it  diitiagulsUftble  «•  h!gb  a«  the  orlgnu  of  the  lilih  cTaniul  nenre,  ronml 
wliicb  it  curve*.  It  then  p«««ef  h&okwards  on  tli«  under  isuifaee  of  the  flU()erior 
cr?ebellar  peduncle  to  reach  the  iU(ierior  veniiie.  Thij  portiun  is  qow  knovi'ii  us  tbe 
ventral  cerebelUr  tract,  m  contra<iUtinctioQ  to  the  direct  or  dlorsal  c«reb<«llur  pre- 
vioasly  menrioned.  (8ee  Mott,  *Monats«chrift  f,  Pajcb.  a.  Neurol./  i,  p.  104 j  and 
vnn  QfbacliteD,  '  Anatomie  du  Sjrtt^nie  Nerveuz,'  2nd  ed.,  p.  701  his.)  Mott 
('Braio/  1895)  statet  that  the  tract  can  be  distinguished  after  a  lesion  in  vol  v  In  i? 
the  Srd.  4thi  and  &th  lambar  set^ments  in  the  mouitey.  Russell  ('  Brain/  1398) 
flroiD  patboloj^iral  eridenoe  conlirms  ibli.  External  to  tl>i«  antero-leteral  ast^endlTig 
tritct,  st  tbe  extreme  periphery,  it  *  tract  of  desceudiuK  fibres— I  be  efferent  or 
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Some  other  fibres  are  alsn  found  in  tbe  poiitioiL  of  the  antero- 
lateral ascending  tract,  cooetituting  the  "crossed  afferent  tract"  of 
Edinger.  Thej  probably  enter  from  the  posterior  root  and  come  into 
connection  with  cells  which  give  off  axis-cyhnder  processes  deeuseating 
in  the  anterior  commissure.  Th'*y  pass  up  near  the  fillet  and  end  in 
the  corpora  quadrigemina,  or  optic  thalamus.* 

Some  fibres  of  the  anterior  part  of  the  lateral  tolunin  are  large  in 
size,  and  curve  upwards  and  downwards  into  the  anterior  honi.  Thej 
must  be  of  abort  course,  and  may  be  fibres  of  the  anterior  nerve-roots, 
which  ascend  and  descend  to  nerve-cells  on  a  different  level  from  thai 
of  the  roots  by  which  they  leave  the  cord. 

The  fibres  of  the  anterior  column,  t?xcl  aiding  the  anterior  pyramidal 
tract,  are  termed  by  Flechsig  the  anterior  groundjihreg  (Fig.  t55). 
They  are  not  separable,  structurally  or  by  development,  from  those  of 
the  lateral  limiting  layer.  The  ground-fibres  do  not  degenerate 
through  any  considerable  extent  of  the  cord,  and  some  probably  connect 
the  anterior  comxm  at  different  levels.  Moreover  some  of  the  fibres 
pa&B  to  the  anterior  commissure,  and  thus,  by  the  agency  of  the 
anterior  ooltunns,  a  connection  may  be  established  between  the  two 
anterior  comua  at  different  levels. 

The  commUsure  of  the  spinal  cord  liej  between  the  bottom  of  the 
anterior  fissure  and  the  posterior  columns,  and  in  it  alone  is  there  a 
passage  of  fibres  from  one  half  of  the  cord  to  the  other.  It  consists 
of  two  parts,  an  anterior  or  white,  and  a  posterior  or  grey  commiaeure. 
The  white  commissure  varies  in  thickness  in  different  parts  of  the  cord, 
and  is  largest  in  the  lumbar  region.  It  is  composed  of  medullated 
fibres,  which  cross  in  the  commissure  In  such  a  manner  that  the 
anterior  fibres  on  each  side  pass  out  in  the  posterior  part  of  the 
commisiBure  on  the  other  side.  The  fibres  in  front  pass  into  the 
anterior  white  column,  those  behind  into  the  grey  substance;  henee 
they  appear  to  establish  a  connection  between  the  anteri^jr  column  of 
one  side  and  the  anterior  oornu  of  the  other ;  but  many  of  those 
entering  the  anterior  column  merely  pass  thi'ough  this  to  the  comu, 
and  thi^  is  probably  true  also  of  some  of.  the  fibres  that  turn  upward 
ia  the  colunm.  Some  seem  to  go  to  ganglion-cells  of  the  grey  matter 
or  to  the  fibrillary  plexus,  others  to  the  anterior  nerve- roots.  Through 
this  commissure  must  also  pass  the  fibres  of  the  anterior  pyramidal 
tract,  and  from  it  may  come  certain  fibres  that  have  been  tractd 
across  the  intermediate  grey  substance  to  the  lateral  column,  where 
they  assume  a  vertic4il  direction  in  the  pyramidal  tract,  so  that 
part  of  the  anterior  commissure  is  to  be  regarded  as  a  continuation 

dfMcend'i*^  anttr&'loieral  trad  referred  to  on  p.  21& — the  relation*  of  whit-h  are 
not  yvi  quite  distinct  (aeo  Bi«dl,  •  Neur.  Ceut./  1895  ;  Motr,  *  Briiiu,'  1893  j  Ritien 
Eutsell.*  Brain,'  1898). 

•  But  RowMilinio  ('  Near.  Cent.,*  1898,  p.  935)  trace*  QoweraV  ttnt^ro-latcrml  tract 
in  a  cue  of  tumonr  of  the  foicl  into  the  jiosterior  corpora  quadngerolna*  t!ie  aub- 
Atnn^tu  ntgrtt.Rnd  tUe  g\  bus  palliilus.  Of  it«  diff«reDt  deattnKtion  in  monkeyt  there 
•vvu.B  to  be  no  doubt. 
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of  the  decussation  of  the  pyraniidB.  Lastly,  a  few  fibres  <>f  the 
anterior  commissure  hare  been  shown  to  come  from  the  posterior 
tierre-roots. 

The  grey  commissuTe  contains  very  fine  meduHated  nerre-fibres,  a 
large  number  of  whi<!li  pass  backwards  in  the  posterior  bom  of  each 
side ;  some  appear  to  be  continuous  with  the  fibres  of  the  posterior 
roots,  while  others  probably  end  in  the  nerve-cells  of  the  posterior 
horn.     It  ia  highly  probable  frora  clinical  evidence  tliat  a  considerable 

number  of  the  po8t<?rior  root-fibres 
(or  fibres  from  cells  in  which  the 
root-fibres  end)  cross  to  the  other  eido, 
but  no  reliable  experimental  evi- 
dence of  such  a  croasmg  has  been 
published.  Within  the  grey  com- 
oommissure  ie  the  central  canal  of  the 
spinal  cord,  Uned  with  epithelium, 
and  surrounded  by  granular  material, 
said  to  be  similar  in  nature  to  that 
^^^^^Al  which  caps  the  posterior  horn ;    the 

^^^B^HH  two    are,   indeed,   as    we    have    seen 

^^^BKB^ m  ^P"  ^^^)*  (continuous  in  the  embryo, 

^^"^'^^  The  canal  is  often  filled  up  by  epithe- 

lial debris  in  adult  cords,*  or,  some- 
times, is  much  larger  than  normal. 
The  latter  state  probably  depends 
on  an  arrest  of  development,  for  the 
layer  of  neuroglial  tissue  around  it  ia 
much  larger  than  usoalf 

Moot-fihres. — The  course  of  the  root- 
fibres  has  been  already  incidentally 
alluded  to,  but  remains  to  be  con- 
sidered  in  a  more  systematic  manner. 
The  anterior  roots  pass  through  the 
anterior  columna  in  bundles  which  are 
distributed  through  an  area  of  the 
coliiran  approximately  corresponding 
to  the  width  of  the  anterior  surface  of 
the  comu,  lu  the  grey  snlistance,  the 
coarse  fibres  that  constitute  the  chief  part  of  each  of  these  bimdlcs 
pass  in  three  different   directions,  outwards,  inwards,  and  directly 


Pl».  82. — Central  caTiitl  in  normal 
cords.  It  him  the  fonii  of  a 
tmiiiiiverfie  slit,  to  A,  »  viiTtioil 
■lib  in  C  (from  the  can  us  metlul* 
larls),  wliile  in  B  it  it  ctrcular. 
In  ertcb  it  is  litied  by  columuttr 
epitlieliuin  uznl  oprrounded  by 
C6Uu]i.r  elemeuta.  rOfiDdetl,  nr 
angokr  from  compresnion, 
mmjiled  wfiih  ^mnnles.  In  U, 
wbicH  it  from  tbe  wime  nprnnl 
eord  KB  C«  the  position  of  tbe 
onnal  ia  occupied  by  a  mast  of 
nnc1e«F  tixsue. 


*  This  obliteration  of  tb«  ciiiial  hnn  no  putludDg^ical  ai^ritifliancej,  but  has  been 
rftpeati'dlj  d^crili»-d  ai  one  of  the  unirbid  citftnijea  in  diot'iisii. 

t  CmgHnHk*  (•Neur.  Cent,/  189G)  de*cribf*a  a  loug,  diMmoiid-»lni|»ed  tract 
situated  in  tho  i^rej  co!iiti»i«»uro  between  the  ventriil  extremity  of  the  pcwtfri*  r 
coluniui  and  rbe  central  enaal,  diminiuhiDii;  in  volume  a«  it  ascends,  but  traceitldo 
to  the  cervical  regrinn.  He  hdievea  that  Iti  flibrea  nre  ilerlvcU  from  the  poi-terior 
rootif  and  iiibaorve  the  conduction  of  theriu&l  and  paiofiil  imprcasioni. 
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l)ac¥wBj-ds  in  tlie  middle  of  the  Iiom,  and  thus  cross  eacli  otlier  and 
tlie  fibt^a  from  the  anterior  commiBBure.  Many  of  the  fibres  enter 
the  groups  of  nerve-cellfl,  and  certaiulj  end  ia  these  cells— or  rather 
arise  from  them,  each  axis-cylinder  being  the  prolonged  chief  process 
of  the  cell.  Such  cells  often  He  among  the  bundles  outside  the  limit 
of  the  grey  matter,  and  their  proceaaes  can  easily  b©  trailed  forwards 
to  the  nerve-root  and  backwards  into  the  grey  matter.  Some  processes 
that  pass  outwards  enter  the  lateral  white  column  (**  mixed  loue  "), 
and  probably,  after  a  short  course  in  this,  re-enter  the  grey  matter  at 
a  higher  or  lower  level.  Some  of  the  fibres  that  pass  inwards  may  go 
through  the  coramissure  to  the  opposite  anterior  horn.  These  coarse 
fibres  are  probably  all  motor.  BuaiJes  them,  the  nerve-roots  contain 
fine  fibres  for  the  sympathetic  which  do  not  come  from  the  corniial 
cells . 

The  poBierior  rooUfihres  have  been  the  subject  of  much  investigation 
on  a<jcount  of  their  complicated  arrangement  and  the  importance  that 
attaches  to  them  fTom  their  degeneration  in  locomotor  ataxy.  Although 
anunged  in  a  continuous  vertical  series  at  their  surface  attachment, 
the  fibres  are  divisible  into  tliree  sets,  one  of  which  passes  through 
the  c^put  comti  postei-ioris  (Fig.  80),  a  second  into  the  adjacent  part  of 
the  postero-external  column  (Pig.  65),  while  a  third  set  consists  of  fiiuf 
fibres  which  at  once  change  their  direction,  turning  upwards,  and  keep 
together  so  as  to  form  a  zone  (zone  of  Lissauer), which  hes  outside  the 
extremity  of  the  posterior  horn  in  the  cervical  region,  but  lower  down 
the  cord  between  the  caput  and  the  surface  of  the  cord. 

The  fibres  of  these  three  sets  have  only  two  immediate  destinations — 
to  the  postero-median  column  and  the  posterior  grej  comu.  (I)  Many 
of  the  fibres  that  enter  the  postero- external  column  (a)  pass  obb^juely 
upwards  and  inwards  to  the  postero-median  column.  This  course 
is  through  the  hinder  part  of  the  postero-external  column,  and  in 
the  lumbar  region,  where  the  roots  enter  at  the  bottom  of  their  furrow, 
many  fibres  actually  pass  backwards  into  the  adjficent  angle  of  the 
column,  and  may  be  there  seen  to  turn  upward  in  their  ascending 
course  to  the  median  column.  It  ia  this  arrangement  that  leads  to  the 
peculiar  wedge-like  shape  of  the  ascending  degeneration  jtist  above  a 
Lsioa  (Figs.  77  and  78)  ;  (b)  other  fibres  entering  the  postero-external 
column  curve  forwards  and  enter  the  posterior  comu,  chiefly  in  front 
of  its  head.  Some  of  these  may  end  by  interlacing  with  the  processes 
of  cells  in  Clarke's  column  or  the  anterior  horns*  The  curve*  they 
describe  are  largest  in  the  lumbar  region,  where  they  almost  reach  the 
p06tero-m^  dian  column.  (2)  The  fibres  that  enter  the  caput  directly, 
l)asB  through  this  to  the  posterior  horn,  some  on  their  level  of  entrance 
(and  these,  in  the  lumbar  region,  have  a  curved  course  like  the  meridian 
lines  on  a  globe),  while  others  turn  upward  in  compact  bimdles  to 
pass  fonvard  into  the  cornu  at  a  higher  level  (3)  The  fibres  of 
lissauer's  group  also  enter  the  horn,  either  tjxrough  or  in  front  of  the 
caput,  after  a  short  ascending  course. 

VOL.  1,  15 


SPINAL  rORD. 

Thus,  except  the  fibres  to  the  po8t«ro-me<lian  column  (which  asoend 
in  it  without  decuasatiug),  all  the  other  posterior  root-fibres  enter  the 
posterior  honi»  chiefly  on  its  inner  side  or  through  the  caput,  a  few 
(Lissauer's)  on  its  outer  side.* 

In  the  posterior  horn,  fibres  of  each  set  pass  to  the  posterior 
commieBure;  othejs  go  to  the  posterior  vesicular  column  (where  this 
exists),  while  some  pass  forwards  into  the  anterior  comu,  chieflv 
toirards  the  outer  group  of  nerve-ceUs ;  a  few  pass  towards  the  anterior 
oommissure,  and  a  considerable  number  probably  end  in  the  nerve-cells 
of  the  horn.  The  fibres  that  pass  to  the  posterior  vesicular  column 
break  up  into  branches  whifih  interlace  with  the  dendrites  of  its  cells. 
lian  J  of  those  that  pass  towards  the  posterior  commissure  are  probably 
also  interrupted  by  nerve-cells  in  the  posterior  comu.  Thus  the  chief 
destination  of  the  fibres  that  do  not  enter  the  postero-raedian  coluimn 
must  be  regarded  as  the  anterior  comu  of  the  same  side  and  the 
opposite  half  of  the  cord ;  and  this  is  probably  true  also  of  the  numer- 
ous fibres  that  end  in  the  nerve-cells  of  the  comu.  The  fibres  from 
the  vesicular  tract  to  the  direct  cerebellar  tract  perhaps  continue  the 
path  of  the  posterior  root-fibres. 

BLOOD-sgpFLY  TO  THE  SpiNAi.  CosD. — The  arrangement  of  the 
arteries  in  the  cord  is  not  a  matter,  at  present,  of  much  practical 
importance.  Nevertheless  it  is  one  on  which  some  detailed  facts  are 
neoesiary,  because  it  is  a  subject  to  which  it  is  most  desirable  close 
attention  should  be  given  on  account  of  the  probability  that  vascular 
lesions  are  more  frequent  than  our  present  knowle<ige  indicates,  and 
the  relation  of  lesions  to  arterial  regions  should  be  carefully  noted. 
The  chief  general  fact  is  that  the  blood-supply  is  in  part  central,  in 
part  peripheral;  the  central  supply  is  derived  from  the  branches  in 
the  anterior  median  fissure,  and  embraces  the  grey  matter,  exc*?pt  the 
posterior  horn ;  the  peripheral  supplies  the  posterior  horn  (except  the 
neck)  and  the  white  substance. 

The  arterial  blood  is  brought  to  the  cord  by  small  branches,  derived 
from  the  vertebrals,  intercostals,  and  other  arteries^  which  reach  the 
cord  by  the  anterior  and  posterior  routn.  The  anterior  pass  for  the 
moat  part  inwards  to  the  anterior  metlian  fiasure,  where  they  are 
connected  by  vertical  branches,  continuous  in  direction,  so  as  tx>  form 
an  itjiterior  epinal  artery.  From  this  a  series  of  branches  pass  back* 
wards  in  the  anterior  median  fissure,  which  may  be  called  anterior 
median  arteries,  and  are  of  great  importance,  supplying*  iiinst  of  the 
grey  matter.  At  the  bottom  of  the  fissure  each  dividcB  into  two 
branches,  a  right  and  left  c(rmmis»ural  arfrry,  which  passes  outwai-ds 


•  The  fibres  tU»t  pus  to  the  postero-externjil  oolamn  tiAve  been  termed  the  "medtaii 
group/'  ami  the  reat  of  the  root-fihrefl  the  "MerHl  g-roup,"  those  eiifceriug  the  caput 
being:  dUtit»(iuiBhed  us  an  "  iiitorm^dittte  group."  But  each  iiiveatig-iitor  describes 
much  the  sjitne  fncts  in  a  diffeiiint  uiethod,  and  adopts  nn  original  nomeiirlalMri.'. 
which  renders  it  better  at  present  to  keep  the  facts  more  prouiineiit  iu  the  Toiud 
than  the  niiniM, 
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and  backwards  tkrongli  the  commieaure,  displacing  iis  fibres  (aB<l 
hence,  in  section,  the  commisflure  often  appears  to  be  intemipted 
where  the  fibres  are  diyided  obliqueljj.  At  the  end  of  the  commis- 
sure each  divides  into  an  anterior  cetiiral  artery,  which  supplies  most 
of  the  antorior  horn,  and  a  podennr  cetdrcd^  which  supplies  the  inter- 
mediate grey  matter  and  the  neck  of  the  posterior  horn,  including  the 
region  of  the  poaterior  vesicular  column.  Each  commissural  artery, 
moreover,  before  dividing,  gives  ofE  a  branch  which  immediately 
bifurcates  into  an  up* 
ward  and  downward  ves- 
sel, each  continuous  with 
a  corresponding  branch 
from  the  next  commis- 
sural artery  above  and 
below — the  anastomoiic 
aritry.  This  effects  a 
vertical  continuity  of 
anastomoses  within  the 
cord>  like  tliat  of  the 
anterior  spinal  artery 
outside  the  cord. 

The  peripkeral  arteries 
pass  inwards  from  the 
surfaoe.  A  poiterior  me- 
dian artery  courses  in  the 
median  Beptnni^  giving 
branches  to  each  side, 
and  an  intermediate  septal 
artery  passes  in  the  cor- 
responding septum  out- 
fiidd  the  post-median 
column.  Midway  be- 
tween this  and  the  root- 


Fio.  83. — Serai-diapiTanimatic  repreaentatioii  af  the 
itrberieft  of  the  ipiuAl  cord;  a  a,  anterior  BpiD^U 
Central  arirrief, — a  m,  ^interior  metliatj  j  c  a,  be- 
tween tho  right  and  left  commisfiurnl  arteriet; 
a.  anawtomoiif!  mrtery,  divitlid  tr«ii«ver8ely,  tc 
wliich  a  braiirli  foe»  frouj  the  commiasurMl  artery, 
which  then  dividea  into  a  o,  "Jiterior  carotjal^  and 
m  c,  inid-cf>rimal  arteri^B.  Feripheral  artoris*,^- 
p  f»i,  po*U'rior  rtii'diitn  j  jp  »,  post-intcntudiato  ;  p  e, 
piistvrior  cornuul;  p  r,  poaterior  ritdicnhir;  j»  I, 
m  It  a  I,  npioiiB  ^f  the  post^-rior^  middle,  and 
iinterior  Interal  bnmcbes;  a  r,  iititerior  radicular. 
Id  this  right  half  of  the  fii^are  the  more  deeply 
■badt'd  pnrt  iudiciit>e»  the  region  supplied  by  the 
central  urtt^rios. 


furrow  a  branch  enters 
and  passes  through  the  postero-external  column  to  the  posterior  hom, 
which  it  enters  in  front  of  the  caput  and  chiefly  supplies— tlie 
t^otfterioT  comual  artery ;  while  a  poderior  radicular  artery  passes  in  on 
the  inner  side  of  the  posterior  root,  and  is  distributed  to  this  and  the 
caput.  A  series  of  anterior  radicular  arteries  enter  with  the  anterior 
roots,  and  between  them  and  the  posterior  hom  are  anterior,  middle, 
and  posterior  lateral  arteries  in  corresjmading  parts  of  the  lateral 
column.  The  branches  into  the  lateral  column  do  not  reach  the 
grey  substance;  the  branches  in  the  grey  substance  extend  into  the 
inner  part  of  the  lateral  column. 

The  veins  of  the  cord  correspond  in  the  main  to  the  arteries,  but  a 
large  proportion  of  the  blond  passes  into  the  peripljeral  system. 
Some,  especially  tho^e  of  the  wliite  substance,  pass  outwards  along 
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the  aepta;  ajid  tliose  on  the  surface  of  the  fiides  and  l>a.ck  of  the 
cord  are  gathered  into  a  posterior  spinal  vein.  Others,  especiallj 
of  the  grey  matter,  paaa  inwards  to  a  large  vertical  vein  that  lies 
in  the  grey  commissure,  a  Httle  distance  from  the  central  caiial  on 
each  side  (v.  Fig.  8Q ;  compare  also  Pig.  OS),  from  which  bnmches  pass 
forwards  to  the  anterior  median  fissure^  and  through  this  to  an 
anUrior  Bpincd  vein.  The  anterior  and  posterior  spinal  Teiiis 
deliver  their  blood,  through  commutticating  veins,  into  the  large 
venous  plescusjes  that  lie  outside  the  dura  mater,  and  which  receive 
blood  also  from  the  bones,  and  from  the  structures  and  skin  behind 
the  spine.  But  the  veins  of  the  spinal  cord  cannot  be  injected  from 
these  plexnsea,  not  because  there  are  Ta!ves  in  the  connecting  branches, 
but  apparently  because  they  form  bo  trifling  a  proportion  of  the  total 
connections.  From  the  plerusea  blood  passes  to  the  various  vertebral, 
cervical,  and  intercostal  veins. 

Although  there  is  a  vertical  continuity  of  the  vessels  of  the  cord, 
it  is  probable  that  the  course  of  the  circulation  is,  in  the  main,  hori- 
zontal. From  the  very  tortuous  course  of  the  path  by  which  arterial 
blood  enters  the  cord,  it  is  evident  that  the  pressure  to  which  the 
arteries  of  the  cord  are  exposed  must  be  far  lower  than  that  in  the 
arteries  of  the  brain,  and  hence  they  are  far  leas  liable  to  degeneratioa 
and  to  rupture.  On  the  other  band,  the  conditions  that  prevent  an 
injection  of  the  plexus  of  veins  outside  the  dura  mater  from  passing 
into  the  veins  of  the  cord,  must  save  the  latter  from  the  extreme  over- 
distension to  which  they  would  otherwise  be  liable  when  there  is  a 
Mndranoe  to  the  return  of  blood  from  the  plexus. 
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We  are  now  in  a  position  to  consider  the  functions  of  Oie  Rpinal 
oord,  and  the  structures  by  which  they  are  subserved.  The  functions 
are  these :  (1)  The  spinal  cord  conducts  motor  nerve  impulses  from 
the  brain  and  sensory  impulses  to  it.  (2)  It  constitutes  a  series  of 
centres  for  reflex  action.  (3)  It  contains  certain  centres  that  ulti- 
mately govern  nervous  action  in  structures  under  the  immediate 
control  of  the  sympathetic  system,  the  bladder,  rectum,  blood-vessels, 
Ac.  (4)  It  influences  the  nutrition  in  all  parts  to  which  its  nerves 
extend* 

Motor  Oonduotioit.^ — The  chief  facts  regarding  the  physiology  of 
the  motor  path  have  been  necessarily  considered  in  the  account  o£ 
its  anatomy.  We  have  already  seen  that  the  path  of  motor  impulses 
is  through  the  pyramidal  fibres  (in  the  anterior  and  lateral  pvramida] 
tracts),  the  anterior  comua,  and  the  anterior  nerve- roots.     The  gan* 
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glion-ceUs  form  part  of  tlie  path,  and  so  also  probably  does  tlxat  part 
of  the  pleius  of  fibrillas  in  the  comu  wkLch  intervenes  between  the 
pyrainidal  fibrea  and  the  ganglion-cells.  We  have  seen  that  the 
crossed  relation  of  the  cerebral  heniiaphere  with  the  limbs  is  sub- 
served by  the  decussation  at  the  pyramidB,  and  apparently  to  a 
slight  ertent  above  the  chief  crossing,  since  some  degenerated  fibres 
have  been  seen  in  the  anterior  pyramid  opposite  to  the  lesion  of  the 
biuin.  We  have  seen  also  that  wo  are  still  ignorant  of  the  mode  of 
connection  of  the  motor  cells  with  the  cerebral  hemisphere  of  the 
same  side  in  the  case  of  the  muscles  that  habitually  act  with  their 
fellows  on  the  opposite.  These  can  be  acted  on  by  either  hemi- 
sphere in  degree  that  approaches  equality  in  pn>portion  as  they  act 
together,  and  is  almost  complete  in  muscles  such  as  the  intercostiils, 
which  can  only  act  together.  It  is  great  in  the  case  of  all  the  trunk 
muscles  and  of  those  of  the  leg,  less  in  those  of  the  arm.  This  relation 
is  further  considered  in  the  account  of  hemiplegia  in  Yol.  II,  to  wMch 
it  specially  pertains.  The  variations  in  the  decussation  of  the  chief 
set  of  fibres  suggest  that  the  variations  in  observed  facts  bearing  on 
the  question  may  merely  represent  variations  that  exist  in  nature. 
The  cottDcetion  may  be  suttserved  by  the  fibres  already  mentioned  that 
never  decussate,  but  pass  into  the  lateral  pyramidal  tract  of  the  samie 
side. 

The  large  fibres  of  the  anterior  motor  nerve-roots  are  far  more 
numerous  than  the  fibres  of  the  pyramidal  tracts,  and  so  also  are  the 
cells  of  the  anterior  horn,  from  which  the  large  root-fibres  proceed. 
Nevertheless  it  is  probable  that  all  these  cells  and  root-fibrea  can  be 
excited  through  these  tracts.  Hence  many  cells  must  be  related  to 
each  of  the  pyramidal  fibres.  A  complex  mechanisna  is  no  doubt 
established  by  the  interlacement  of  the  terminal  fibrillae  of  the 
pyramidal  axons  with  the  dendrites  of  the  anterior  cornual  cells. 
This  mechanism  is  such  that  the  stimulation  of  certain  pyramidal 
fibrea  excites  to  action  a  much  greater  numljer  of  nerve-cells,  so  con- 
nected and  arranged  aa  to  produce,  through  the  related  nerve- ro<.ti,  a 
complex  movement,  in  which  many  musfles  may  take  part.  The  nerve- 
cells  thus  connected  may  not  all  bo  at  precisely  the  same  level,  and 
only  some  of  those  at  a  given  level  may  be  thus  ass^oeiated.  The 
simpler  the  movements,  and  the  fewer  their  possible  variations,  the 
fewer  pyramidal  fibres  may  suffice  for  the  production  of  the  move- 
ments. Thus  it  is  conceivable  that  for  such  movements  as  those  of 
the  intercostal  muscles,  which  are  simple  and  constant,  very  few 
pyramidal  fibres  may  suffice,  whereas  a  much  larger  number  must  be 
ne'^ssary  for  the  highly  variable  movements  of  the  liand.  It  is  pro- 
bable also  that  the  pyi'aniidal  impulHes  influence  other  neurons  than 
ihOBe  directly  subserving  muscular  contraction-  By  means  of  sueh 
Intermediate  or  associational  neurons  these  impulses  are  enabled  to 
effect  a  more  complex  and  varying  movement  than  could  otherwise  be 
produced. 
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E1PBE8EKTATIOK     OF    MOTKMENTS     IN     THE    SPIWAIi    COKD. — It 

important  to  inquire  how  far  we  can  idt-ntify  these  various  motor 
mechiinisma  of  the  ant^^rior  grey  matter.  There  are  several  souTCea  of 
information  on  this  subject.  We  have  already  seen  that  the  arrange- 
ment of  fibres  in  the  anterior  roots  is  such  as  to  associate  certain  move- 
ments with  certain  nerve- roots,  and  it  is  a  reasonable  assumption  that 
this  corresponds^  to  some  extent  at  least,  with  the  arrangement  in  the 
grey  matter.  The  sources  of  our  information  on  this  point  are  the 
limited  facts  of  anatomy,  rare  cases  of  restricted  disease  of  the  nerve- 
roots  in  man,  and  e8p?cially  the  experin^ents  of  Ferrier  and  Yeo  oa 
monteys.  We  have  already  considered  the  indications  that  these 
experiments  afford,  and  their  suggestivcness,  and  we  have  seen  that 
their  value  is  relative  rather  than  absolute.  Afi  regards  the  grey  matter, 
we  must  remember  also  that  there  may  not  be  a  strict  horizontal  oorre- 
spondeuee  between  the  nerve-roots  and  the  nei-ve-cells,  because  it  is 
probable  that  some  root-fibres  enter  the  an tero -lateral  white  columns, 
and  are  connected  with  nerve-cells  at  a  higher  or  lower  level  than  that 
at  which  they  leave  the  cord.  Another  source  of  information  is  the 
degeneration  of  nerve-c^lls  that  follows  slowly  on  an  amputation  of  a 
limbp  and  the  conditLou  of  the  spinal  cord  in  congenitiil  absence  of 
part  of  a  limb.  The  last  and  most  important  soui*oe  of  information  is 
supplied  by  cases  of  limited  disease  of  the  anterior  comua,  in  which 
the  position  of  the  lesion  and  the  distribution  of  the  resulting  palsy 
caji  be  compared.  Pes  true  tion  of  nerve -cells  causes  degeneration  of 
the  motor  fibres  proceeding  from  them,  and  wasting  of  the  muscles  to 
which  those  motor  fibres  proceed.  This  alone  affords  us  certain  know- 
ledge. Cases  of  clear  aignificance  are,  however,  rare,  and  it  will  be 
long  before  our  knowledge  can  be  complete.  Meanwhile  we  may 
loam  something  of  the  central  association  of  muscles  by  observing 
what  muscles  are  most  freijucntly  paralysed  together  by  such  disease. 
This  subject  has  been  earffully  studied  by  E,  Eemak*  and  by 
Thorbunijt  aud  many  valuable  isolated  observations  have  been  pub- 
lished. It  is  only  the  associations  which  are  frequent  that  can  be 
allowed  significance,  because  it  is  not  uni'<»nimon  to  have  more  than 
ime  focus  of  diseaBe  in  the  grey  matter.  The  following  summary 
presents  the  conclusions  that  seem  probable  from  the  evidence  at 
present  available 4 
The  various  facts  for  the  most  part  fully  confirm  the  conclusion  of 

•  «Arcbiv  f,  pBychiatrie/  vol.  l3u 

t  *  Bruin/  Jaiiunry  7th,  1887»  nnd  OoUjber,  iaS8.  The  faut»  were  observed  on 
oMfif  of  injury.  He  fisaociutes  each  muscle  with  n  single  spJnal  nerve,  but  theHti 
nenrvs  are  only  C"13ectionH  of  roots  that  are  sevtrnlly  continuous,  us  are  the  groups 
of  nerve-cella  within  the  cord,  and  it  is  certain  that  the  rooti  relHteU  to  many  of 
the  muBcles  go  into  adjucetjt  spinn)  nerves. 

J  A  uieful  sumraarY  of  the  evidence  up  to  the  middle  of  1884  was  ^Iven  Ity  Dr, 
Allen  Starr,  in  the  •American  Journal  of  NeaToIo^fy/  Aug.  iind  Nov,,  X884.  Tl»e 
Hiihject  ia  a  ti'inpting  one  <or  theory,  but  it  in  very  important  to  keep  to  the  tolid 
ground  of  fiots,  however  limited  it  may  be  in  eEtenL 
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Kemak,  corroborated  by  the  experiments  of  Ferrier  and  Yeo,  that 
most  movemeutii  and  muscles  are  represented  in  rertical  tracts,  and  the 
whole  anterior  grey  matter,  at  any  one  nerve-si-^'nient^  containB  cells 
tbat  are  concerned  with  different  movements.  An  extensive  lesion  of 
small  vertical  extent  may  thns  weaken  many  movements,  but  abolish 
none.  The  special  representation  of  the  muscular  functiona,  i.  e.  of 
d^L'finite  movementR,  is  no  doubt  rektiMl  to  speoial  groups  of  nenre- 
vvlls,  but  a  single  group  may  be  concerned  in  more  than  one  associated 
movement.  DiSerent  groups  are  prolxibly  intimately  connected. 
because  we  know  that  the  contraction  of  any  muscle  is  accompanied 
by  a  slighter  but  proportioned  contra-ctiou  of  its  antagomsta.  Anato- 
mical connections  iu  botb  spinal  cord  and  brain  doubtless  underlie  this 
association. 


CERWtvAi,  Reqion. — The  higlieat  cervical  region  apparently  contains  oentrea 
for  the  »tDB,ll  rytatoi-a  of  tlie  headland  tlie  depreasoifl  of  tlm  hyoid  hone  were 
found  b}'  Beevor  and  Hoi^lej  to  be  relftted  to  the  first  two  paira  of  nerves,  the 
jjtetno-hyoid  and  sterno-thjroid  chiefly  to  the  fin<t  and  the  omohyoid  to  the 
second.*  Tlie  opper  part  also  contains  centres  for  the  iimsiHt^rt  of  tlie  neck, 
especially  for  ttie  sterno-maHtoid  anil  ujjper  part  of  the  tmpt-ziuB.  The  dia- 
phragm i«  prohublj  repii»§ented  in  the  grey  matter  at  the  \q\'A  of  the  roots  of 
the  phrenic  nerve,  the  fourth  cervical.  Id  the  brachial  re>;iori  of  the  cervical 
enlargeiDeot,  the  muscles  of  the  nhoulder  are  represented  chiefly  in  the  upper 
part;  the  lutrinsic  ninacles  of  the  liatid  in  the  lower  part.  The  flexoi'S  of  the 
elhow  are  represented  above  its  extensors,  and  the  supinatoi-s  and  eitensors 
of  the  wriet  above  th*?  fiexors  of  the  wriHt. 

Deltoid,  aca^ular  mmtcles^  j^^^^^*^'*'^'^*  ^^^  terrains. — The  fifth  and  nixth 
iefjments,  for  the  most  part  the  sixth,  and  probably  thp  outer  p^roup  of  nerve- 
cells-t  The  centres  for  the  two  parts  of  the  pectoi-alis  are  sepamte,  and  are 
ftusocittted — the  clavicular  with  that  of  the  serratna  raaji^nus,  the  costal  with 
that  of  the  latissianis  4orai  (see  p.  37).  These  aanociatcd  muscles  are  repre- 
tented  near  together,  hut  not  at  the  same  spot ;  t)ie  association  is  often 
reproduced  in  disease  of  the  anterior  corou,  the  clavicular  part  hein^  affected 
together  with  the  serratus,  but  one  muscle  may  suffer  without  that  which  in 
eoatmonly  associated  with  it. 

The  Fhxor»  of  the  elbow  atid  nvpinaiors  probably  correspond  nearly  in  level 
with  the  deltoid.  The  wlmlc  of  this  series  of  muscles  may  be  affected  alone  by 
dis'ea-se  of  the  nerve- roots  (see  p.  38)  or  of  the  grey  matter,  and  then  we  have 
the  "  upi)er  arm  tji>e  "  of  palsy,  de^ci  iber!  fii>t  by  Erb. 

Extensor  of  the  elbow  {iricepa)  :  prohahly  the  middle  of  the  brachial  region, 
chiefly  the  seventli  eej^raent,  extending  dt*wn  to  the  eighth,  and  perhaps  up  to 
the  sixth,  posssildj  chiefly  in  the  out*r  group  of  nerve-cells. 

The  ExtengoTv  of  the  ivriat  are  represented  above  those  of  the  ellww  ; 
probably  chiefly  at  the  sixth  or  sixth  and  seventh  segments,  and  not  from  the 


•  CtiifHy  the  |»oiit*'rior  bidly  of  the  tny«cl«^,  by  h  hianch  joiaitig  the  glosso* 
phnryngeal.  The  oilier  muneU*  imnied  (including  ulightly  the  aiitrrior  helly  nf  the 
onii.h void)  are  innervated  from  the  tlrst  mtvIchI  hy  a  branch  joining  the  hypoglo^al. 

t  Thorbuiu  (loc.  cit.)  refers  the  infra-  and  supra  ipinati  with  mach  prob»*billty 
to  the  fourth  pair  of  nerves. 
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p(wt<^ro.«xt«n]al,  but  from  the  other  grotipi.  Flexors  of  i\€  wriii:  holow  tTm 
exteuiore,  nearlj  on  the  same  level  &«  the  eiiensorB  of  the  elbow,  at  the  seventh 
»nd  eighth  neginentii,  and  probably  also  from  one  of  the  outer  |?TY(iip»  of  cells. 
The  fronator9  have  nenrlr  the  Bftme  repi  efienlation  as  the  fleiora  of  the  wrist. 

Long  Extenttora  of  thefinffert:  upper  part  of  the  hra^'hial  region,  about  the 
level  of  tlie  »i<th  or  between  it  and  tlie  seventh  aegraetitj  probablv  from  one  of 
the  anterior  g^roiipfl  (not  from  the  postero-lateral  group).  Long  jfUxora  of  thm 
fingers:  heluw  the  L^xtensorpj  probably  seventh  or  ei},,'hth  segment. 

IntriuBic  muscles  of  the  hand:  lowest  part  of  the  brachial  re^'ion,  and  the 
thenar  iDuscles  a  little  Inj^her  tlian  the  interossei;  the  latter  bein^  represented 
in  the  ftn^t  dorsal  neginent,*  The  intriiiHio  muaclea  (like  the  long  extensru-s) 
are  probably  related  less  to  the  outer  than  to  the  inner  and  anterior  groups* 
The  two  «c4fi  of  inuwles  are  related  both  in  action  and  in  central  ronnection»  as 
was  illustrated  by  a  caae  of  concussion  leHion  under  ray  care,  in  which  the  two 
outer  interoR^ei  were  paralysed  and  wasted,  and  also  the  part  of  the  ]on<r 
extensor  uu implying  the  two  outer  fingers,  but  nt*  other  muscles. 

Lumbar  JE.vLiiJOjyaffc'A'r— Our  knowledge  of  the  represeutution  of  muscles  in 
the  lumbar  enlargement  ia  very  Blight,  and  we  have  scarcely  any  defioita  facta 
concerning  their  relation  to  the  cell-groui>s.  Tlie  poBtcro-eiteiual  gmnp  pre- 
pondenites  over  the  othein  in  size,  even  more  than  in  the  cervical  cord,  and 
doubth^sia  nlso  in  inipurtance.  The  few  i>atbological  obsorvationa  of  changes  in 
the  severnl  groups*  ure  not  altogether  conaistent.  The  chief  facts  available 
relate  to  the  probable  segmental  level  and  aaso^-iatiou  of  the  ceatres,  and  are  as 
follow!* : 

Cremasier,  second  luinhar  se'jinent.  Psoas,  i«econd»  iliacus,  third  lorobar; 
the  two  muscles  {otm  in  function)  nre  probably  related  to  a  group  of  cells  t»x- 
tending  through  both  segments.  j4<^Wi*c/orj^,  fnurlli  lumbar  segment.  QlitUntal 
muscles  (extensors  of  hip),  foudh  and  fifth  lumbar  segmentn. 

Meiensors  of  knee,  third  and  fourth  lumbar  segmeutn,  probably  from  the 
same  group  as  the  flexors  of  the  hip ;  tlie  two  .sets  of  mugcles  are  often  affected 
together,  and  sometimes  the  abitnctors  suffer  with  them.  The  Sariorius  is 
probably  related  to  the  third  segment,  but  not  to  the  same  celbgroup  as  the 
extenson*  of  the  knee  (to  which,  indeed,  it  does  not  belong;  see  p.  47).  It 
usuiillv  fscapes  in  iitrophtc  jMilay  of  the  extensors.  Flexors  of  knee,  fifth  lumbar 
and  iireit  sacral  Pegments*  Tlieir  centre  is  thus  below  and  cerljiinly  distinct 
from  that  of  the  extenson^. 

The  mvsdeit  of  the  tower  leg,  moving  the  foot  and  toes,  are  related  to  the 
fourth  and  liftli  lumbar  and  the  fii-st  sacral  segments.  The  calf  mutfcles,  the 
tibialis  anticus,  and  the  prroneus  hngus  have  certainly  separate  centres,  and 
are  often  affected  separately.  Tlie  tibialis  anticufl  may  suffer  alone,  or  tnaj 
alone  escape  when  the  other  muscles  in  front  of  the  leg  are  pariily<M?d.  The 
muscles  of  the  ctilf  may  be  affected  when  those  in  front  of  the  leg  are  not.  It 
is  probable  thut  the  peroneiis  longiis  is  the  hlglicst  in  ceutiul  representation, 
and  is  relatefl  to  the  fuurth  lumbar  Hegment. 

The  intrinsic  muscles  of  the  foot,  cHpetially  the  interossei.  are  the  lowest  in 

•  TbiM  ia  the  lndicntion  of  the  majority  of  ciisoa.  Nevertheli'fs  Rnbli  bas  recorded 
a  caflu'  oi  atropliy  ol  all  ttie  iiitriuMC  mnBcleti  of  tlie  baml,  iu  which  the  lesion  did 
not  extend  below  the  seventh  segment;  the  eighth  and  tirst  domal  m pre  pt;rft*ctly 
normal.  I  have  seen  a  ciue  of  ntrnphy  Itmited  to  the  deltoid  nnd  intriuMc  uiuacUa 
of  the  hand,  due  to  an  acute  proce44,  probably  htcmirrliage,  but  in  tbia  ca««  there 
may  have  been  two  lesions. 
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central  relatToni!,  being  connected  with  the  second  HAcral  Regraent,  Tlie  posUiwn 
of  their  centreis,  in  the  lowest  part  of  the  luinhar  enlargemient,  thus  coiies|>onil« 
to  that  of  the  analogouft  mnactei  of  the  band,  id  the  lowest  part  of  the  cervical 
€nlargeiDent. 

Sensoet  CoNDiJCTioir.^ — Otit  knowledge  of  the  sensory  path  in  the 
cord  ifl  far  leas  definite  than  that  of  the  motor  path,  in  spite  of  the 
faf.'t  that  it  ha,8  been  the  subject  of  &  large  number  of  experinieuttil 
investigations.  The  subject  is  a  very  diffic\ilt  one  for  experimental 
solution,  on  account  of  the  difficulty  of  ascertaining  the  condition  of 
sensation  in  animals.  The  indications  afforded  by  disease  are  equivocal 
for  another  reason.  We  have  seen  (p,  78)  that,  in  the  sensory  nerves, 
a  lesion  which  permanently  interrupts  motor  conduction  may  scarcely 
affect  sensory  conduction,  and  the  same  thing  is  apparently  true  of 
the  spinal  cord.  If  loss  of  feeling  results  from  an  acute  lesion,  it 
ofteu  q  lickly  passes  away,  although  motor  palsy  remains  complete 
and  absijiute,  and  this  when  all  the  elements  of  tLc  cord  seem  equally 
imphcated  in  the  morbid  process.  In  cases  of  such  chronic  disease 
as  compression,  which  when  alow  must  act  on  all  the  structures  in 
nearly  equal  degree,  the  same  escape  of  sensory  conduction  is  oftt^n 
observed.  Dif&culties  are  encountered  whatever  mode  of  interprelation 
of  the  phenomenon  we  adopt,  and  the  fact  of  importance  to  our  present 
problem  is  that  we  arc  not  yet  able  strictly  to  compare  structural  and 
functional  damage  when  the  former  is  moderate.  When  the  damage  hiis 
been  slowly  produwd  it  may  be  apparently  great,  and  yet  functiou  may 
not  be  much  impaired,  especially  the  lower  function  of  conduction  of 
nerve-force.  The  signiJicance  of  these  facts  as  regards  the  problem  of 
sensory  conduction  in  the  cord  is  that  we  must  be  cautious  in  drawing 
any  conclusion  from  the  persistence  of  sensation.  We  cannot  infer, 
because  supposed  sensory  tracts  are  visibly  diBeas*.^d  in  a  case  in  whieh 
there  was  no  loss  of  senfiibility,  that  these  tracts  have  not  the  function 
assigned  to  them,  unless  we  can  feel  sure  that  all  the  axis-cylinders 
are  destroyed.  This  we  can  seldom  do;  and  for  this  reason,  and 
because  morbid  processes  are  often  wide  in  distribution,  the  evidence 
that  can  be  obtained  by  comparing  the  position  of  lesions  with  the 
sensory  symptoms  they  produce  is  limited  and  uncertain.  Other 
sources  of  information  are  the  eftect  of  partial  lesions  of  the  cord, 
intense  in  degree,  but  limited  in  area,  especially  traumatic  lesions 
affecting  one  half  of  the  cord  or  part  of  one  half.  Cases  of  this  kind 
are  of  high  value,  but  in  few,  at  present,  have  the  extent  of  lesion  and 
the  range  of  symptoms  been  accurately  ascertained. 

Hence  physiolopsts  have  relied  chiefly  on  the  resultji  of  experimenta  on 
aniniAlB.  Unfortunately  the  help  the^e  tan  ^tve  in  also  red  need  to  a.  liteiml 
minimum  by  the  diffitnlties  of  eipontDontation  and  of  iot^rpietatioo — the 
physical  diffieiilti^e  on  the  one  hand,  the  fanctional  pprplexitieB  on  the  other. 
Some  clear  factw  liave  been  ai»cei'tained,  and  othfr  reHults  have  been  obtained 
that  still  wait  certain  intei-pretation.  It  seems  certain,  in  tiie  fii-st  place,  that 
•wiiBatioD  in  any  particular  regii>n  of  the  skin  is  associated  with  the  funotional 
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activity  of  a  definite  portion  of  the  opposite  tietebml  eoHei.  AnMomica] 
evidence  shows  that  the  axonn  belonging  to  different  eentripetAl  trEctx  crom 
the  middle  line  at  Tarioas  levels  in  the  cord,  medulla,  iiiid  mid>bmin.  The 
early  experiments  of  Brown-S^quard  led  him  to  concliide  timt  the  chief  part  of 
the  sensory  path  decussates  soon  after  entering  tbe  cord,  and  with  this  vieir 
pathological  facts  in  general  agree.  The  consensuB  of  evid^nc^,  however, 
points  to  a  less  sadden  and  uniform  crossing  thau  was  formeil j  assamed.  The 
axons  entering  from  the  periphery  do  not  as  a  rtile  p&m  dlreetly  acroits  the  cordt 
but  break  up  in  the  grey  matter,  whence,  possibly  nfter  one  or  move  i^Uyn^  the 
conducting  path  is  continued  on  the  opposite  tide.  It  will  be  seen  that  the^& 
considerations  suggest  that  sensory  conduction  is  a  fonction  ol  th«  lateral  and 
an teru  lateral  tiucts  rather  than  of  the  posterior  cnhunnn,  which  run  uncrossed 
to  the  region  of  the  medulla.  This  is  quite  in  n<iL>i dance  with  whiit  h  found 
both  clinically  and  experimentally.  For  the  pn?;UMior  median  fibres  may  h& 
extensively  degenerated  when  sensation  is  unimpfiired,  a  fact  of  which  we  Jihull 
see  the  probable  meaning  presently;  and,  on  the  other  hand^  O^awa  has  shown 
that  section  across  the  whole  cord,  with  the  exception  of  the  posterior  colnmn, 
completely  abolishes  sensation.  That  this  abolition  is  incomplete  unlets  the 
grey  matter  is  completely  divided  was  found  also  by  Schiff ;  the  important 
part  played  by  the  grey  matter  in  sensory  conduction  is  thus  confirmed. 

The  subject,  however,  at  the  present  time  is  too  far  from  even  the  semblance 
of  settlement  to  make  a  discussion  of  the  evidence  worth  the  space  it  would 
need,  especially  in  a  work  dealing  with  practical  medicine.*  It  is  only  desir- 
able, therefore,  to  point  out  certain  leading  facts  and  leading  considerations. 

Clinical  evidence,  largely  based  upon  cases  of  syringomyelia,  points  to  the 
grey  matter  as  the  seat  of  conduction  of  painful  impressions.  Experimentn 
suggest  that  impressions  which  act  upon  the  vaso-motor  centre  pass  up  in  the 
lateral  columns — in  animals  chiefly  on  the  side  of  the  coi-d  opposite  to  that 
on  which  they  are  produired,  slightly  on  the  same  side.  Sensations  of  touch 
appear  to  be  conducted  mainly  in  the  lateral  columns  and  grey  matter.  In 
man  the  paths  for  both  touch  and  pain  are  on  the  opposite  side  of  the  cord. 

We  may  accept  as  certain  the  fact  that  the  tactile  or  painful  impulse  we  feel 
crosnes  the  middle  line  soon  after  entering  the  cord ;  it  is  probable  that  some 
impulses  that  we  do  not  feel  do  not  cross.  We  must  never  forget  that  there  is 
strong  reason  to  believe  that  only  a  minority  of  the  impulses  that  traverse 
afferent  nerves  affect  our  consciousness. 

The  participation  of  the  grey  matter  in  the  conduction  of  afferent  impressions 
has  been  fully  confirmed  by  the  facts  as  to  the  coui-se  of  centripetal  fibres  in  the 
cord  revealed  by  the  recent  improvements  in  histological  technique.  That 
.sensation  escapes  in  anterior  polio-myelitis  points  to  the  posterior  part  of  the 
jrrey  matter  as  the  seat  of  this  conduction,  and  this  again  is  in  agreement  with 
both  histological  and  experimental f  evidence. 

The  assumption  tliat  a  certain  number  of  centripetal  axons  exist  in  the  central 
grey  matter  is  of  *;reat  service  in  studying  the  problems  of  sensory  conduction. 

Still,  they  are  not  numerous  enouj^h  to  save  us  from  the  difficulty  that  the 

•  Thus,  for  example,  two  of  the  latest  series  of  experimeuts  upon  monkeys,  those 
of  Mott  and  Turner,  yield  conflicting  results.  The  latter  are  mainly  eoniiruiatory 
of  those  ot  Brown-Sequard ;  while,  according  to  the  former,  touch  and  the  muscular 
Hense  are  mainly  transmitted  up  along  the  side  of  the  cord  at  which  they  enter,  bu» 
the  pitths  of  pain  and  temperature  pass  up  on  both  sides. 

t  E.  g^  the  researches  of  Schiff  and  Ciaglinski  (see  later). 
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fibres  we  can  look  to  are,  taken  altofretheT^  insnflcient  in  number  to  STibserve 
the  tuarvelloup  iJifferentintion  of  sensation  in  the  periplif»ry — tlifferentUtion  in 
ijuality  of  feelinjj  and  ewpedally  in  locality  of  feeling-.  But  a  difficnltj  inay 
hecome  inopemtive,  without  ceasing  to  «xbtp  bj  being"  al>aorbed  in  a  Btill  larger 
dfifficultj  of  the  same  kind.  If  we  avail  ourselveK  of  all  the  atruetures  of  the 
spinal  cord  thnt  can  conceivably  subse^rve  upward  conduction,  we  fail  to  find 
room  for  the  tieparate  conduction  of  impulses  which,^  nevertheleas,  the  ipinal 
cord  mi}»t  separate  I  j  convey. 

On  only  one  hypothesis  is  it  posaible  to  oonoeive  such  conduction.  It  bus 
already  heen  pointed  out  that  the  inL-reiuied  power  of  the  inicrowcope  ban  shown 
MA  that  each  axis  cylinder,  m  called,  is  not  a  simple  body,  but  a  compound 
structure,  ooniposed  of  fibriltffi,  and  comparable,  in  point  of  fact,  to  a  bundle  of 
nerve- fibres.  What  was  formerly  re^rded  as  division  of  an  axis-cylinder  is 
now  known  to  be  the  separation  of  its  ultimate  fibrillse,  and  this  has  been 
shown  to  occur  in  both  motor  and  sennory  aions,  and,  to  a  certain  extent,  along 
their  course  (collaterally)  as  well  as  at  their  termiDations.  It  seems  to  follow 
of  necessity  that  each  sensory  area  of  distinct  perception  must  be  subserved  by 
one  of  thews  fibrillro.  It  is  conceivable  that  the  impnlsea  nmy  keep  each  to  its 
own  fibrillnry  path,  however  many  fibrillio  an  ajia-cylinder  may  contain.  We 
have,  indeed,  ^een  that  such  iihrillae  keep  separate  even  in  tmveraing:  a  nerre- 
cell.  It  is  only  by  such  an  anungemeot  that  it  seems  possible  for  the  sensory 
impressions  fmm  skin  iknd  ttHsue^  of  touch,  pain,  and  temperature,  to  be  carried 
to  the  brain  »o  as  separately  to  excite  certain  nerve-celU  of  the  cortex. 

If  tbeae  considerations  have  weigbt  we  cannot  eiclode  the  lateral 
and  posterior  cohirans  from  the  function  of  aeusory  conduction  on 
account  of  the  scanty  fibrea  we  can  discern  to  subserve  the  function, 
and  ma)'  consider  what  eYidence  on.  the  point  disease  and  injury 
afford  in  man. 

Unilateral  lesions  of  the  spinal  cord,  which  cause  lose  of  sensibility 
of  the  skin,  do  so  on  the  aide  opposite  to  the  lesion.  This  is  true  of 
all  forms  of  sensibility.  Thi/y  thus  prove,  beyond  doubt,  the  de- 
cussation in  the  spinal  cord  of  the  path  from  the  cutaneous  nerves 
of  pain,  of  touch,  and  of  temperature.  An  analysis  of  the  cases  in 
which  both  effect  and  lesion  have  been  exactly  ascert^iined — ^which 
inJl  be  eoosidt^red  more  fully  when  these  lesions  are  described^sug- 
Rjgeats  certain  other  conclusions  regarding  the  position  of  these  paths. 
The  facts  suggest,  firat,  that  the  paths  for  sensations  of  pain  and 
of  touch  are  not  near  together.  Sensibility  to  pain  has  been  lost  in 
almost  all  recorded  cases,  hut  that  to  touch  in  only  two  thirds. 
Tht^y  suggest,  secondly,  that  the  two  paths  for  tactile  sensibility 
are  nearer  together  than  are  the  two  paths  for  pain.  In  no  case 
of  cJiiefl?  unilateral  lesion  has  sensibility  to  pain  been  lost  on  both 
gldes,  whi-reiia  in  two  recorded  cases  sens.h  lity  to  pain  was  lost  on  the 
aide  opposite  to  the  lesion,  while  that  to  touch  was  lost  on  both  sides.* 

•  It  is  possible  thnt  tiu'tile  Bensihility  may  hHve  been  lost,  in  othiT  cuiie*.  on  the 
geeond  side,  s. «.  on  the  side  of  the  lesirtiii  and  the  Iomi  may  hn\e  oscHped  notice  in 
^con»equeiice  of  the  exultation  of  iciisibtlity  which  U  louiiuonly  pn^Bent,  and  whjch 
li  pretuMJMbly  due  to  tlw  nerves  of  catnmon  sensibilltjr. 
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Pi».  84. — 8«t'tioii  of  spinal  oord  bc- 


These  conclusions,  moreover,  are  supported  by  fhe  facta  of  two  jmpor- 
taut  caseB  of  injury  to  the  cord  which  alPord  direct  localising  inclica* 
tions*  One  ie  a  case,  recorded  by  myself,*  in  wMch  tbe  spinal  cord  in 
the  upper  cervical  region  yms  damaged  by  a  small  spiculum  of  bone 
being  driven  against  it  by  a  bullet,  which,  entering  the  mouth,  lodg«^d 
in  the  body  of  tho  third  <'ervical  vertebra.  The  extent  of  the  lesion  of 
the  cord  is  shown  in  Fig.  84.    The  chief  injury  is  clearly  to  the  lateral 

column  and  grey  matter,  the  posterior 
t'olumn  being  merely  swollen,  appa- 
rently by  oedema.  The  affected  part 
was  the  seat  of  hemorrhage  and 
liLi'iiiurrhagic  infiltration.  The  effect 
was  entire  loss  of  sensibility  to  pain 
on  the  opposite  side  without  any  im- 
pairment of  tactile  sensibility.  To 
this  the  other  case,  recorded  by 
Muller.t  is  almost  a  complement.  A 
t-wt-on  tli«  i*.'coi.d  jfcnd  tliird  eervicll  stab-wuuDd  divided  the  whole  of  one 
nervf»,coutuaedby,gurisliotliijiirj.  half  of  the  cord,  including  the  poste- 
rior column,  and  also  the  posterior 
column  of  the  other  side  almost  up  to  the  nerve-roots;  the  grey 
matter  of  this  side  escaped.  The  whole  of  both  postero-me  linn 
columns  was  thus  divided.  The  effect  was  loss  of  sensibility  to  pida^ 
on  the  side  opposite  to  the  lesion,  and  of  that  to  touch  on  both  sides. 
Thus  there  is  strong  reason  to  believe  that  the  path  for  sensibility 
to  pain  does  not  pass  in  the  posterior  columns.  The  evidence  of 
diseasL*  (syringijmyelia)  points  to  the  grey  matter  as  at  any  rate  the 
main  seat  of  this  path.  We  have  already  seen  that  the  escape  of 
sensation  in  anterior  ]><jlio-rayelitis  indicates  tliat  it  must  pass  along 
the  posterior  part  of  the  groy  matter,  and  thia  accords  well  with 
erperimental  evidence.  Thus  Schifl:  found  that  section  through  the 
whole  cord  except  the  posterior  columns  alx>li9hed  sensation  to  pjiin 
l>t;low  the  lesion,  whereas  if  a  trace  of  the  posterior  part  of  the  gref^ 
matter  was  left  this  sensation  was  still  transmitted,  though  ddayedJ 
Ciaglinsld  J  describes  an  ascending  tract,  found  experimentally  in  the 
dog  and  verified  histologicaEy  in  man,  between  the  postcro-inedian 
column  and  the  central  canal,  and  regards  thia  as  the  path  for  impres- 
sions of  pain  and  temperature.  As  to  the  path  of  tactile  sensibility 
we  must  wait  for  further  evidence.  The  fibrea  that  degeneia'e 
upwards  in  the  median  columns,  passing  to  them  from  the  external 
posterior  columns,  and  constituting  so  Large  a  proportion  of  their 

•  '  Clinical  Society**  Trans./  vol.  li,  1878.  p.  24. 

f  *  Bcitr&ge  sur  p*ith.  AnaL  and  Phys.  der  Eacketim./  Leip«iprt  1871.  AbatrmcU, 
which  ■nppletiu'nt  each  other,  mid,  together,  give  it  f'iiH  Mccount  of  the  cnsc,  will  be 
found  Sn  Kflbner'i  sirticle  oa  uQtlaterHl  Icaioni,  *  I>eut.  ArcU,  f,  kliu.  Med.,*  1877, 
Bd,  iix,  p.  100;  and  in  '  Virchow^'s  JahrcBberidit,*  1871,  Bd,  i,  p.  162. 

J  Ciaglinski,*  Neurol  Centralbl.,*  1896. 


inaBB,  Brpparently  com©  from  the  muacleB,  We  may,  however,  re- 
member that  many  iibres  pass  to  tlie  posterior  columns  from  the 
grej  matter,  and  also  from  the  posterior  comiuiesiire  in  the  middle 
line  ]  some  of  the  former  may  also  come  from  the  posterior  commis* 
sure,  and  hoth  these  sets  of  fibres  may  have  crossed  in  the  middle  lino. 
It  is  possible  that  these  fibres  conduct  tactile  sensibility,  and  that 
they  are  mingled  with  those  that  conduct  muscular  sensibility.  This 
theory,  however,  can  only  be  regarded  as  a  suggeation  for  fnture 
observations;  it  must  be  confessed  that  the  results  of  experiment, 
which  are,  however,  for  reasons  already  stated,  not  so  valid  as  clinical 
observations,  tend  to  indicate  the  hnplicatjun  of  the  lateiul  and  antero- 
lateral columns  in  the  conduction  of  tactile  sensations. 

The  conduction  of  imjjulses  from  the  muscles  is  certainly  in  the 
posterior  median  columns.  This  is  clearly  shown  by  the  facts  of  the 
pathology  of  tabes.  The  function  of  the  direct  cerebellar  tmct  has 
still  to  be  demonstrated.  There  are  certain  resemblances  between  its 
fibre -relations  and  those  of  the  posterior  median  columns  which  give 
coimienaiLce  to  Flechsig's  theory  that  it  conveys  impressions  from  the 
muBcles  of  the  lower  part  of  the  trunk  and  bitwetm  the  trunk  and 
li>wer  limbs.  But  the  origin  of  its  fibres  froiu  the  Cf^lls  of  the  poste- 
rior vesicular  column,  and  the  mystery  attaching  to  the  latter,  give 
additional  obscurity  to  this  structure.  The  fine  nerve  plexus  between 
the  cells  seema  connected  with  fibres  of  the  posterior  roots,  and  this 
plexus  is  said  to  atrophy  early  in  locomotor  ataxy.*  The  obscurity 
will,  indeed,  be  dispelled  if  we  can  accept  the  sjjcculation  of  Sher- 
rington that  this  cylinder  is  really  part  of  the  series  of  ganglia  on  the 
posterior  nerve- roots,  which  occupies  a  position  within  the  spinal  cord, 
and  is  continuous  instead  of  broken  into  ganglia. 

The  path  for  sensations  of  temperature  is  still  unknown.  The  fact 
that  this  sense  is  frequently  impaired  with  sensibihty  to  pain  suggests 
that  the  two  paths  may  be  neai-  together  in  the  grey  matter.  More 
than  this  cannot  be  said. 

Bnt  we  have  to  consider  another  prohlnu  in  our  study  of  the 
sensory  path.  The  same  impression  that  is  felt  may  excite  a  reflex 
action.  For  this,  afferent  root-fibres  must  end  in  the  grey  matter  of 
the  oord.  Are  the  two  functions  subpc^rvcd  by  the  same  or  by  different 
fibres  ?  A  similar  question  presents  itself  with  regard  to  the  muscle 
nerves.  If  the  ascending  dej^^eneration  in  the  postero-mcdian  column, 
when  the  cauda  equina  is  diseased,  is  admitted ,  as  it  must  be,  as 
proof  that  these  root-fibres  pass  up  without  iiiterru]>tion,  the  muscle- 
reflex  action  must  be  subserved  by  other  fibres.  For  it,  however, 
comparatively  few  may  suffice  With  regard  to  the  other  sensory 
fibres,  the  evidence  at  present  suggests  that  all  undergo  interruption 
in  the  spinal  cord,  since  no  other  paths  have  yet  been  found  degene- 
rated when  a  lesion  has  been  eonlined  to  the  nerve-roots.     If  bo,  the 
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same  fibrea  probably  subserve  seiiBatioii  and  reflex  a«etioii,  the  deo- 
drites  of  the  Jierve-oella  proYiding  a  meckajiisni  for  the  diviBioa  of  the 
path  and  diyerdioii  of  Uie  impulses.  No  impression,  in  health,  causes 
a  true  reflex  action  that  doea  not  also  produce  a  conscious  sensation. 

Our  knowledge  of  the  seiial  representation  of  cutaneous  sensibility  i  a 
the  spinal  cord  has  of  late  been  much  increased  bj  the  careful  researches 
of  Head,  Thorbum,  Starry  Dana,  and  others.  It  is  probable  that  there 
is  a  progressire  representation  of  the  skin  in  the  posterior  uerre-cells 
without  relation  to  the  nerve- trunks,  and  with  only  a  slight  relation  lo 
the  nerve-roots.  Correspoudence  with  the  latter  must  not  be  assumed* 
In  the  roots  the  serial  representation  is  along  the  axis  of  the  limb,  not 
across  it,  as  it  probably  is  in  the  nerve-oells.  In  the  dorsal  cord. 
Mcending  disease  often  causes  an  affection  u£  sensation  which  extendi 
around  the  trunk  at  higher  and  higher  levels.  In  the  limbs  we  have 
indications  of  the  same  arrange uj e ut :  the  soles  and  palms  may  bo 
affected  alone,  and  ansBsthesia  may  extend  ou  the  limb  to  a  certain 
level,  irrespective  of  nerve  distribution.  This  is  often  seen  in  the  legs. 
I  have  known  anaesthesia  in  the  arms,  due  to  disease  of  the  cord,  to 
cease  midway  between  shoulder  and  elbow,  at  the  same  level  around 
each  arm.  Disease  of  the  cord  may  affect  sensation  on  the  tips  of  th'- 
fingers  only.  It  la  probable  that  the  ascending  course  of  many  of  the 
root-fibres  subserves  a  reaniLngement  of  representation  in  the  cells, 
and  provides  also  for  a  special  connection  of  the  tactile  nerves  from 
each  part  of  the  skin  with  the  motor  cells  for  the  muscles  beneath— 
so  conapicuoufl  in  many  of  the  cutaneous  reflexes. 

Reflex  Actiopt,— The  grey  matter  of  the  spinal  cord  constitutes  a 
series  of  reflex  coutres,  some  of  which  must  be  of  considerable  ver- 
tical extent  and  much  complexity.  They  are  subserved  not  only  by  the 
grey  matter,  but  by  the  short  fibres  that  in  the  several  white  ooluimiM 
connect  the  grey  matter  at  different  levels.  The  passage  of  the  root- 
fibres  upwards  and  dovmwards  in  the  cord,  before  they  turn  into  the 
grey  matter  (conapicuous  in  the  posterior  roots),  also,  as  we  have 
not«d.  constitutes  an  arrangement  for  spreading  the  afferent  ImpulBcs 
through  a  oonaiderable  vertical  extent  of  the  cord. 

We  have  abready  seen  (p.  19)  that  we  must  distinguish  two  forms 
of  reflex  action— the  cutaneous  reflex  action  and  the  muscle-reflex 
action,  the  latter  producing  the  "  myotatic  irritability  *'  wliich,  as  we 
aspume.  determines  the  so-called  "  tendon-reflex  contractions."  The 
first  form  of  reflex  action  io  not.  however,  limited  to  impressions  on 
the  cutaneous  nerves.  It  may  be  produced  by  stimulation  of  the 
nerves  supplying  the  deeper  structures,  including  those  of  the  tendons 
and  muscles.  The  attempt  to  obtain  the  knee-jerk  may  cause  a  trut- 
reflex  action  as  well  as  its  special  effect,  the  two  being  separated  by 
an  appreciable  interval  of  time  ( see  Locomotor  Ataxy).  Keflex  action 
from  the  skin  is  apparently  subserved  by  all  the  sensory  nerres, 
since  it  may  continue,  although  the  nerves  for  either  pain  or  touch 
have  ceased  to  act,  in  consequence  of  those  degenerative  t>roeesses  by 
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whicli  functiOTi  is  sometimes  abolislipd  in  as  complete?  degree  and  with 
a8  precise  linjitotion  as  the  physiolo^cal  inquirer  could  desire- 

The  central  process  concerned  in  reflex  action  mtist  take  place 
between  the  posterior  nerve-roots,  by  which  the  Beneory  impulses 
reach  the  cord,  and  the  anterior  roots,  by  which  the  motfjr  impulses 
leave  it.  The  motor  gang]  ion -cells  form  j^tirt  of  the  refltx  rent^re,  and 
the  rest  of  the  centre  ia  doobtleas  constituted  by  the  iilirillary  plexus 
formed  by  the  inosculation  of  their  dendrites  and  those  of  tbe  sensoiy 
nerve-cells.  The  whole  path  between  and  including  the  in-  and  out- 
bearing  nerves  may  be  spoken  of  as  the  *'  retiex  arc ;"  the  grey  matter 
concerned  being  caMed  the  *'  reflex  centre."  In  this  "  centre  '*  the 
sensory  impulse  is  transformed  into — or  rather  gives  rise  to — a  motor 
impulse,  usually  much  greater  in  the  degree  of  its  enei^.  Within 
the  centre  tbere  are  paths  establisbed  hy  the  connections  between  the 
nerve  structures,  of  which  only  a  few  are  in  functional  use.  It  is 
easy  to  conceive  that  the  functional  action  takes  place  more  readily  in 
Borne  lines  than  in  others,  and  these  lines  of  easiest  action  are  often 
spoken  of  as  "  lines  of  least  resistance,"  and  are  said  to  determine  the 
form  of  the  reflex  action.  In  its  simplest  fonn  a  "reflex  arc  "  con- 
sists of  two  neurons,  a  centripetal  and  a  centrifugal,  between  the 
dendrites  of  which  the  trausformatiou  of  the  imjmlse  takes  place. 
More  powerful  stimulation  brings  also  into  action  the  dtrndrit^s  of  the 
centripetal  neuron  which  are  as.sociated  with  other  neun>ns  than  the 
centJifygal  already  mentioned,  and  hence  conduces  to  a  wider  area  of 
motor  discharge, 

The  stj-onger  (within  limits)  the  afferent  stimulus,  the  more  widely 
<loes  the  process  spread  in  the  centre,  and  the  more  extensive  is  the 
movement  produced.  Thus  a  slight  touch  on  the  sole  may  cause  only 
a  movement  of  the  foot,  while  a  prick  may  cause  a  movement  of  the 
whole  limb.  At  the  same  time  there  is  much  more  than  leg  ft  involved 
in  the  difference  between  these  two  stimuli.  The  impress  ion  that  is  felt 
as  pain  causes  a  quick  simple  movement  of  the  part,  in  which  chiefly 
the  flexors  are  involved.  It  is  a  movement  obviously  to  withdraw  from 
harm,  and  it  is  proportioned,  in  energy  and  cxt<^nt,  to  the  intensity 
of  the  Btimulation.  To  this,  however,  there  is  one  limitation  ; — a 
strong  impression  of  pain  may  prevent  all  reflex  movement  by 
exerting  an  inhibitory  Influence  on  the  centres.  On  the  other  hand, 
n  tactile  impression  causes  a  much  more  complex  movement,  which 
does  not  bear  a  simple  relation,  in  extent  and  energy,  to  the  degree 
of  the  sensory  impulse,  but  is  also  influenced  by  the  (|uality  of  the 
impression  at  the  place  at  which  it  is  produced.  TIuis  the  reflex  move- 
ment produced  from  the  palm  or  sole  is  especially  ehiKirate ;  it  mav 
present  an  Indication  of  the  central  reliitions  by  which  the  purposed  use 
of  the  extremities  is  facilitated.  The  effect  of  all  painful  impi-essions 
is  simiLir,  whether  these  are  produced  through  the  nen^es  of  the  skin 
or  those  of  deeper  structures.  The  reflex  action  caused  by  pinching 
ft  tendon  is  just  the  same  as  that  caused  by  &  pinch  of  the  skin  over 
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the  tendon.  Eren  impressians  from  the  a£femnt  mxisde-iLervefi  oatise 
a  similar  reflex  movement.  TKue  there  ia  no  real  distlnctian  between 
the  deep  and  faperficial  true  refex  action. 

The  mnBcle-reflex  action  which  ia  aisomed  to  exist  between  the 
afferent  and  efferent  nenres  of  a  muscle  (and  to  underlie  the  mjo- 
tatic  irritability  which  permits  the  knee-jerk,  &c.)  has  been  already 
considered  in  discussing  the  theory  of  this  irritaljlltty.  It  ia  appa- 
rently a  uniformly  simple  relation  between  the  two  sets  of  nerres 
for  the  same  part  of  a  muscle ;  the  reflex  action  h  confined  to  theee, 
and  does  not  spread  through  a  wider  extent  of  the  grey  matter,  aa 
that  from  the  skin  frequently  does.  When  a  muscle  ie  made  tense, 
or  its  tendon  is  tapped,  the  mechanical  stimulation  influences  all  the 
afferent  nerves  or  all  the  muscular  flbres,  and  the  whole  muscle  neces* 
sarily  responds.  The  motor  ganglion-cella  of  the  anterior  horn  must 
form  part  of  the  centre  for  each  form  of  reflex  action,  but  that 
portion  of  the  centre  which  intervenes  between  the  afferent  nerves 
in  the  posterior  root  and  the  motor  cells  must  be  distinct  in  part 
or  altogether.  Beyond  this  we  can  say  nothing  of  the  relation  of 
the  two  centres. 

These  reflex  centres  are  subject  to  control  by  higher  centres,  as  are  all 
lower  centres  in  the  nervous  system.  All  true  reflex  action,  e.  g,  that 
from  the  skin  excited  by  a  touch  or  prick,  is  controlled  and  kept  mode- 
rate by  an  influence  from  the  brain,  for  it  becomes  excessive  when  the 
influence  of  the  brain  is  stopped,  as  by  a  lesion  interrupting  the  spinal 
cord;  it  is  increased  in  all  parts  that  are  connected  with  the  oord 
below  the  lesion.  We  have  no  precise  knowledge  of  the  seat  of  the 
controlling  centre  or  of  the  path  by  which  the  control  is  exerted. 
In  frogs,  however,  the  restraint  seems  to  be  exerted  by  the  optic 
lobes ;  in  man  it  is  less  likely  to  be  exerted  by  the  homologous  corpora 
quadrigemina  than  by  the  optic  thalamus.  The  mechanism  must, 
however,  be  complex,  since  the  restraining  influence  may  be  increased 
by  disease  in  some  parts  of  the  brain ;  many  cerebral  lesions  which 
cause  hemiplegia  cause  also  a  diminution  of  cutaneous  reflex  action 
on  the  paralysed  side.  The  effect  seems  to  indicate  that  the  cerebral 
centre  which  controls  reflex  action  is  itself  habitually  controlled  by  a 
higher  centre,  perhaps  in  the  cortex.  When  this  is  destroyed,  or  the 
path  from  it  is  interrupted,  the  controlling  centre  passes  into  a 
condition  of  increased  activity,  and  the  reflex  action  is  lessened. 
This  is  a  theory  only,  but  it  seems  impossible  otherwise  to  explain 
the  fat'ts. 

The  muscle-reflex  centres  seem  also  to  be  under  the  control  of  other 
centres,  because,  if  there  is  disease  of  the  cord  higher  up,  they  also  pass 
into  a  condition  of  increased  activity.  But  the  phenomena  of  their 
disturbance  present  three  im|  ortant  points  of  diflert  nee  from  those  of 
common  («,  g,  cutaneous)  reflex  action.  (1)  We  know  with  certainty 
the  path  disease  of  which  determines  their  excess  :  it  is  the  pyramidal 
tract.     (2)  Disease  of  the  brain  does  not  cause  a  permanent  diminu- 
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tion  m  the  action  of  the  muBcle-reflex  centres,  as  it  bo  frequently  does 
in  the  case  of  the  centres  for  cntaneons  reflex  action.*  On  tlie 
contrary,  disease  of  the  pvramidfil  fibrea  in  the  brain  causes  the  same 
excess  of  this  form  of  reflex  action  as  does  disease  of  the  pyramidal 
fibi-es  in  the  cord,  (3)  The  excess  does  not,  as  a  rule,  quickly  follow 
an  interruption  of  the  patk  from  the  lirain^  as  does  the  excess  of 
superficial  reflex  action.  There  may,  iuilei'd,  be  an  immediate,  usually 
temporary,  excess,  coinciding  with  "early  rigidity  "  from  the  irritation 
of  the  pyramidal  fibres,  but  the  permanent  excess  comes  on  at  the  end 
of  a  Week  or  ten  days,  and  gradually  increases. 

The  explanations  may  be  these.  The  slowness  with  wbicb  the  reflex 
action  usually  becomes  excessive  is  conspicuous,  and  its  siguififanc© 
must  be  considerable.  The  lesion  of  the  pyramidal  fibn^s  causes  their 
degeneration  below  the  lesion,  and  this  must  involve  their  termination 
in  the  grey  matter.  The  excess  of  action  of  the  centres  mnj  be  the 
resnlt  of  the  degeneration  of  the  terminal  structures,  which  may  con- 
stitnte  a  controlling  mechanism  that  normally  restrains  the  activity  of 
the  mnscle-rt'flei  centres.  The  interval  which  elaitsess  before  the 
excess  is  inanifested  may  l>e  due  to  the  fact  that  there  is  little 
tendency  to  increased  activity ;  that  but  sliglit  control  is  habitually 
exercised  or  needed ;  and  that  the  capacity  for  over-action  is  gradually 
developed  and  gradually  increases — increasing  capacity  being  deve- 
loped by  the  iucrtased  activity- 
It  is  probable  that  the  voluntary  impulses  pass  from  the  tentiina- 
tion  of  the  pyramidal  fibres  to  the  motor  cells  through  structures  of 
which  this  muscle-reflex  centre  forms  part,  and  that  therefore  its 
elements  must  be  in  part  excited  to  action  by  pymmidal  impulses — a 
conclusion  quite  compiiiible  with  a  restminiDg  influence  exerled  by 
these  fibres  or  their  endings  when  no  volitional  impulses  descend 
them 

The  cbief  loi*al  forms  of  superficial  and  muscle-reflex  action  have 
been  already  described  (see  p.  19,  ei  §eq.)*  Their  centn.*s  are  fuimd  in 
the  corresponding  segments  of  the  cord  shown  in  the  table  at  p.  252, 

Adaptation  to  Postube.— Every  difference  in  posture  involves  a 
difference  in  the  diatancc  between  the  attachments  of  the  muscles  of 
the  part.  "When  the  muscles  are  at  rest  they  present  always  a  certain 
state  of  *'tone,**  which,  being  (^qual  in  every  posture,  must  vaiy  auto- 
matically with  every  change  of  posture,  however  brought  about.  In 
passive  movements  the  muscles  that  are  elongated  and  those  that  are 
shortened  adapt  themselves  to  the  change  as  it  proceeds.  Apparently 
the  increased  tension  on  the  former  maVea  them  yield  to  the  move- 

^  A  very  rare  esceptinti  to  tliU  rule  will  be  inent'iimed  when  the  futictions  of  the 
brftin  KTo  considered.  Moreuver  the  kii^-jcrk  ib  uboliabvd  in  some  CMttes  of  tunioiir 
of  the  cvrebelluiu^  n  pUvtioineiioti  to  be  reuveinbt'ri-d  in  conneutlon  with  the  fact 
that,  while  ooe  part  of  tlie  afferent  itopulst-a  from  the  mnBcles  acta  on  the  cord, 
anotbi-r  part  apparently  pasties  up  to  the  cercbijllum.  See  the  Recount  of  co> 
wdi nation  of  movement  on  the  next  page, 
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ment,  and  the  lessened  tension  oa  the  latter  makes  them  contract,  oa -b 
»et  thus  preserTing  its  proper  tone.  The  tone  of  a  muscle  seemjB  to 
be  produced  by  a  reflex  proceBfl,  due  to  a  certain  state  of  the  motor 
cells  regulated  bj  the  impressions  from  the  afferent  musde-nerves. 
These,  as  we  have  seen,  are  produced  by  two  mechanical  influenros, 
the  lateral  pressure  of  the  fibres  (as  in  the  pain  of  cramp)  and  t  he 
tension  on  the  muscle.  An  increase  of  the  latter,  in  piissive  move- 
ment, seems  to  lessen  the  activity  of  the  cells  and  permit  the  fibres  to 
elongate ;  a  diminution  increasea  the  activity  of  the  cells  and  causes 
the  fibres  to  shorten.  It  further  appears  that  the  tone  of  a  muscle  is 
influenced  through  the  spinal  cord  by  the  condition  of  its  antagonists. 
Thus  the  knee-jerk  may  be  increased  by  cutting  the  sciatic  nerre— t. «. 
the  nerve  to  the  flexors,  or  diminished  by  stimulating  it»  An  increase 
similarly  result?*  when  the  liarastring  muscles  (the  antagonists  of  the 
quadriceps)  are  relaxed  by  flexion  of  the  km^e.* 

Co-OBDiNATiON  OF  MoTEMENT. — Tlic  co^ofdination  of  muscular 
contractions,  which  resulta  in  the  ordination  or  ordering  or  arrange- 
ment of  movement,  has  been  already  des<nbed  (p.  7).  so  far  as  iU 
general  features  are  concerat^d.  We  cannot  ascribe  to  the  spinal  cord 
any  proc*'S8  that  can  be  designated  the  arrauijement  of  movement; 
since  the  muscular  contractions  corresptmd  to  the  activity  of  the  motor 
cells  of  the  cerebral  cortex,  and  to  the  corresponding  impulses  along 
the  pyramidal  fibres.  These  determine  the  initial  activity  of  the 
motor  cells  of  the  cord,  both  for  the  muscles  that  move  a  part  and  for 
thoHu  that  uppoije  the  action  of  the  others  and  give  steadiness  and  uni- 
fonnity  to  the  movement.  But  these  impulses  from  the  brain  descend 
on  spinal  cells  that  are  not  in  a  passive,  inactive,  functionlcss  state. 
Such  a  state  probably  never  eiiate,  for  even  when  there  is  no  voluntary 
activity  there  must  be  the  activity  on  which  the  tone  depends, — that, 
as  we  have  just  seen,  must  exist  in  all  postures  of  the  limbs.  This 
state  of  the  cells  preceding  voluntan^  activity  is  determined  by  tlie 
afferent  impulses,  chiefly  by  those  from  the  muscles.  Through  these 
the  muscles  are  adapted  to  poaiure,  and  in  the  mechanism  for  adapta- 
tion to  posture  we  may  trace  also  a  mechanism  for  part  at  least  of  the 
co-ordination  effected  in  the  spuud  cord.  This  seems  to  consist  of 
two  parts.  (1)  An  automatic  variation  in  the  state  of  muscles,  per- 
mitting the  ordered  performance  of  intended  movements.  The  state 
of  the  afferent  impulA*^»  acting  from  the  muscle  on  the  motor  cells 
must  be  at  once  altered  by  the  effect  of  the  voluntary  activity  of  the 
muscles,  since  this  will  alter  the  impulses  in  the  musde-nerves  by  the 
changed  and  changing  pressure  and  tension  on  the  tissues  in  which 
these  nerves  end — the  pressure  of  llie  contracting  and  widening  fibres 
and  the  tension  in  the  antngoniats  that  oppose  the  motion,  but  do  not 
prevent  it,  and  arc  made  more  tense  by  the  muscles  they  are  opposing, 
These  impjulses  i)as8  to  the  cord,  and  there  act  on  the  motor  cells,  and 
influence  their  state  in  a  way  that  we  can  at  present  only  guess  atp  but 

•  Sm  Bhtrriny'on,  '  Brit,  Mod.  Junrn./  1893,  vol.  ii,  p.  685. 
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which  must  be  of  the  utmost  importance.  There  must  of  necessitT 
b6  a  definite  relation  betwoea  certain  states  of  the  muscle  and  the 
strength  of  afferent  impulse  produced  thereby.  If  we  conceive  that 
an  increase  in  the  impulse  (makiug  it  greater  than  correspondB  to  the 
degree  of  activity  of  the  motor  cells),  such  as  must  result  from  the 
increased  tension  on  the  muscle^  lowers  the  activity  of  those  cells,  we 
can  understand  the  way  in  which  the  contracfing  antagonists  reki  to 
ficrmit  movement  which  tends  to  occur.  As  soon  as  the  resistance 
begins  to  yield,  the  tension-stimulus  will  be  increaBed,  and  the  total 
afferent  impulse  become  disproportionately  great  in  relation  to  the 
degree  of  activity  of  the  ceils  ;  as  a  result,  this  activity  is  lessened  and 
the  muscles  yield.  This  involves  a  constant  regulation  of  the  activity 
of  the  various  motor  cells  by  the  afferent  impulses.  A  like  but 
opposite  effect  mnst  be  produced  on  the  cells  of  the  my  soles  producing 
the  movement.  This  effect  on  the  cells  will,  of  course,  blend  with  that 
of  the  voluntary  impulse  from  the  brain  that  is  causing  the  movement. 
Thus  the  spinal  muscle-reflex  process  permits  the  desired  movement 
to  tate  place,  as  it  could  ni#t  do  if  the  state  of  the  cells  were  not  thus 
automatically  regulated.  (2)  Relations  between  the  various  reflei 
processes  are  doubtless  established  by  the  repetition  of  movements, 
and  thus  planned  mechanisms,  as  it  w^ere,  are  established  in  the  cord  i 
within  their  range  the  various  movements  occur.  The  state  of  the 
muscles  in  standing,  for  instance,  is  almost  perfectly  I'eproduced  by 
the  extensor  spasm  that  occurs  when  the  muscle  reflex  processes  are  in 
great  excess.  Thus  we  have  a  mechanism  by  which  a  relatively  simple 
voluntary  impulse  may  produce  an  extensive  c«.t-ordinated  movement. 
But  what  we  can  discern  shows  that  we  must  regard  spinal  co-ordina- 
tion as  essentially  a  reflex  process,  chiefly  due  to  the  impulses  from  the 
muscles.  The  correctness  of  this  view  can  hardly  be  doubted  when 
we  come  to  see  its  perfect  harmony  with  the  phenomena  and  the  con- 
ditions of  spinal  inco- ordination. 

Still  it  must  be  always  remembered  that  this  spinal  process  is  of 
the  nature  of  a  subordinate  mechanism,  determining  the  precision  of 
form  rather  than  the  actual  arraegement  and  order  of  the  muscular 
contraction*  This  is  done  hj  a  higher  process,  a  co-ordination  which 
consists  in  the  form  of  action  of  the  motor  cells  of  the  cerebral 
<;ortex  that  is  produced  by  still  higher  volitional  processes.  These, 
however,  as  we  shall  see,  are  themselves  subject  to  a  like  influence  and 
the  seat  of  an  analogous  regidation,  chiefly,  it  is  probable,  by  impulses 
proceeding  from  the  cerebellum,  which  are  also  due  to  the  varying 
excitation  of  the  muscle-nerves.  That  the  nerve- fibres  which  pass  up 
the  posterior  median  columns  conduct  impulses  from  the  muscles  that 
determine  cerebral  co-ordination  scarcely  admits  of  doubt.  Interrup- 
tion of  this  path  in  any  part  of  its  course  causes  a  defect  of  co- 
ordination, which  resembles  that  due  to  cerebellar  disease  with  suflicient 
closeness  to  add  weight  tc"^  other  facts  suggesting  tliat  it  is  through 
the  cerebellum  that  the  impulses  carried  by  this  path  act  on  the 


244  SPINAL    CORD. 

cortex,  regulating  and  determiniB^  the  actirity  of  ita  c^lls  and  ihe 
refliilting  movement,*  The  impulses  inay  reach  the  cerebelluna,  aa 
we  have  seen,  from  the  grey  matter  of  the  poat-pyramidal  nucleus  in 
which  these  fibres  end-f  But  this  primary  co-ordination  is  not  a 
function  of  the  cord,  although  it  may  be  lost  in  oonsequence  of 
disease  of  the  cord.  The  direct  oei-el>ellar  tract  naay  constitute  a 
similar  path,  but  of  this  we  have  only  the  eyidence  of  destination  and 
analogy. 

It  is  probable  that  the  mechanisms  jtiBt  alluded  to,  as  constitute! 
by  \\w  functional  relations  between  the  motor  and  sensory  structurL'S 
in  the  cord,  very  much  facilitate  the  execution  of  many  movements, 
and  especially  of  those  that  are  the  more  simple  in  their  character. 
The  less  variation  a  movement  ia  capable  of,  or  needs,  the  more  largely 
may  the  apinal  me<:hamBm  be  concerned  in  its  arrangement ;  and  hence 
BUGh  actions  aa  standing  and  walking  may  be  effected  through  a 
comparatively  small  number  of  the  pyiumidal  fibres,  and,  as  we  shaU 
see,  they  may  still  be  performed  when  there  is  disease  that  would 
prevent  a  more  elaborate  action.  It  is  also  probable  that  in  animals 
such  spinal  mechanisms  are  developed  to  a  greater  extent  than  in 
man,  and  cai^  mubt  be  taken  in  drawing  inferences  from  one  to  the 
other. 

The  impulses  from  the  muscles  that  determine  the  muscle-reflex 
action  and  the  spinal  co-ordination,  must  pass  by  nerves  that  end  in 
the  grey  matter  and  come  into  relation  with  nerve-cells,  at  or  near  the 
level  at  which  they  enter  the  cord.  We  do  not  know  whether  it  is 
through  these  fibres,  or  through  those  that  pass  upwards  without 
interruption,  that  the  impulses  are  conveyed  which,  when  excessive  in 
degree,  give  rise  to  musciilar  sensations.  But  attention  may  again  be 
called  to  the  important  evidence,  afforded  by  such  sensations,  of  the 
abundance  of  upward  impulses  of  which  we  are  normally  unconscious. 
These  nerves,  it  wiU  be  remembered,  begin  in  the  connective  tissue 
of  the  muscles,  and  probably  also  in  the  musele-spiiidks.  and  the  acuta 
pain  of  cramp,  and  the  muscular  tenderness  in  auch  affections  as 
multiple  neuritis,  afford  indirect  evidence  of  ioipidsea  which  we  do  not 
UBually  observe,  and  might  almost  doubt ;  while  the  manner  in  which 
such  pain  is  excited  ia  very  clear  evidence  of  the  sensitivcues?^  of  the 
nerves  to  the  modes  of  stimulation  that  have  been  assumed  as  effective. 
We  have  already  seen  (p.  17)  that  it  is  through  such  tmfelt  impulses 
that  we  prubably  deriTe  the  chief  part  of  our  conceptions  of  posture,  & 
subject  that  must  again  be  considered  in  connection  with  the  brain. 

lirrLUENCE  on  Nuteition,— The  nutrition  of  the  muscles  is  imder 

•  TliU  bii«  been  eiperiuaenUlly  confirmed  by  Bechterew.  who  flmlB  th«t  wotion 
of  the  puKteru>r  ooluttms,  iu  vnriout  animalA,  al>ove  the  lanibar  enlarirt^tiient  rutnei 
a  defect  of  cOKtrdination  similtir  lo  thut  proilueed  by  loss  of  the  cerebellum  { Bechte- 
rew, •  VVjettnik  psieb.  1.  ueviopat,'  l&Sy,  vii,  1;  nud  •  Neur.  Centrnlbk/  1890,p.82.y 

t  A  cuuiiectlou  «mc«  confirmed  b^  Hrotmt,  *  Da^  Coimexiooa  du  Gervclet/  Fi^» 
1891. 
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the  control  of  the  anterior  grey  matter,  and  probably  of  the  motor 
nerre-cells.  The  influence  is  eiert-ed  through  the  motor  nerves,  and 
indeed  consists  in  the  normal  integrity  of  the  fibres  (see  p.  29). 

The  nutrition  of  the  boneg  und  joints  is  also  under  the  control  of  the 
cord,  and  probably  ib  exerted  through  the  posterior  roots.  It  is  true 
the  growth  of  the  bones  is  hindered  when  the  anterior  cornua  are 
diseased,  but  no  atrophic  change  seems  then  to  occur  in  the  osseous 
structure,  and  the  influence  of  the  paralyaia  may  be  indirect.  A  true 
trophic  change,  and  an  alteration  in  the  joints,  may  occur  in  locomotor 
ataxy,  in  which  the  disease  is  of  the  posterior  nerve-fibres. 

The  uutritioii  of  the  skin  seems  also  to  depend  on  nerves  that  have 
their  course  in  the  postt^rior  roots.  The  clearest  fact  is  that  irritation 
of  the  nerve- struct  urea  has  far  more  effect  than  simple  loss  of  function. 
It  is  when  the  cord  or  nerve-roots  are  the  seat  of  iiTitative  inflam- 
mation that  the  most  acute  trophic  changes  occur,  while  mere  degene- 
ration of  these  nerves  induces  slower  and  slighter  changes  {see  p.  28). 

In  a  dog  in  which  the  spinal  cord  below  the  cervical  n^giou  was 
removed  piecemeal,  trophic  changes  in  the  skin  followed  the  section, 
but  not  the  subsequent  removal.  It  is  hence  doubtful  whether 
trophic  fibres  actually  take  origin  (t.  e,  have  "  centres  ")  in  the  cord ; 
in  all  cases  it  is  difficult  to  exclude  the  effects  of  the  faU  of  blood- 
pressure.  • 

Visceral  Conteol. — ^AI though  the  viscera  are  under  the  imniediate 
control  of  the  sympathetic  system  of  nerves,  they  are  related  to  centres 
in  the  spinal  cord,  and  it  is  from  these  centres  that  the  controlling 
iafluence  is  really  derived,  probably  by  means  of  the  finer  fibres  of 
the  ant-erior  roots.  The  relation  is  the  most  direct  and  important, 
BO  far  as  concerns  the  diseasea  of  the  spinal  cord,  in  the  case  of 
the  organs  over  which  the  will  has  an  influence,  the  rectum  and  the 
hiadder.  The  centres  for  these  are  in  the  lumbar  enlargement,  but  we 
do  not  know  their  exact  position.  They  are  probably  complex  reflex 
centres.  We  can  best  understand  their  action  by  studying  them  when 
voluntary  influence  is  lost. 

The  centre  for  the  sphincter  ani  is  the  more  simple,  but  the  system 
of  action  of  each  is  probably  similar.  In  the  wall  of  each  viscus  we  have 
muscular  fibres  to  expel  the  contents,  and  at  the  mouth  a  sphincter 
arrangement  to  prevent  continuous  evacuation,  Fteces  or  air  in  the 
rectum,  and  urlae  in  the  bladder,  may  excite  the  lumbar  centre, 
and  cause  two  effects — contraction  in  the  wall  and  relaxation  of  the 
sphincter-  This  process  can  be  controlled  by  the  will  to  a  consider- 
able extent,  although  we  are  still  ignorant  of  the  precise  mode  in  which 
the  voluntary  influence  is  exeiied.  But  if  the  volitional  path  in  the 
cord  is  interrupted  above  the  lumbar  oeutrea,  the  will  can  no  longer 
control  the  reflex  processes ;  as  s<>on  as  fseces  irritate  the  rectum  they 
are  expelled  by  the  reflex  mechanism ;  as  soon  as  a  sufficient  quantity 
of  urine  accumulates  in  the  bladder  a  reflex  contraction  of  the  detrusor 

•  GolU  and  liwulil,  *Arclu  f.  d.  geajtinmt,  PbjabL/  18'J-6, 
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and  relaxation  of  the  spliincter  cause  its  escape.  The  affection  of  the 
voluntary  path  for  the  sphincter  is  not  alwaja  proportioned  to  tl 
for  the  legs.  If  the  damage  to  the  cord  involTes  also  the  sensory  tract,' 
the  patient  is  unconaciouB  of  the  action  of  the  bladder  or  bowel.  If 
the  sensory  tract  is  unaffected^  the  patient  ig  aware  of  the  process,  but 
cannot  control  it.  It  is  often  said  that  there  is  permanent  relaxation 
of  the  Bphinot4?r8,  but  this  is  true  only  when  the  lumbar  centres  are 
inactive  or  destroyed.  In  thia  condition  evacuation  occurs  as  soon 
as  faaces  or  urine  enter  the  bowel  or  rectum.  The  urine  escaj^es 
continuously,  instead  of  being  expelled  at  intervals.  The  condition  is 
leas  obvious  in  the  case  of  the  rectum,  because  there  is  no  such  con* 
tinuous  passage?  of  fffices  into  the  reetum  as  there  is  of  urine  into  the 
bladder.  We  may,  however,  distinguish  between  the  two  states  of  the 
rectum  by  the  introduction  of  the  finger.  If  the  lumbar  centre  ia 
inactive,  there  is  a  momentary  contraction,  due  to  local  stimulation  of 
the  sphincter,  and  then  permanent  relaxation.  If,  however,  the  reflex 
centre  and  motor  nerves  from  it  are  intact,  the  introduction  of  the 
fingei  is  followed,  first  by  relaxation,  and  then  by  gentle,  firm,  tonio 
contraction.      I   have  verified   this  by  introducing   an   india-rubber 


11 


II 


miHH 


Fj0.  85.— Taicwas  op  tse  Aotioit  o»  ^mm  Spbikctib  Ahi. 
Tlie  verticil!  llneft  represent  aeconda  of  time. 
1.  Effect  on  contraction  of  sphincter  oF  the  injection  into  the  rectum  of  mmall 
qurttitvty  of  NIT  »t  •.  a,  fall  in  prewnre  due  to  the  inhibitian  of  the  oontrac- 
tmn:  *.  ri-***  due  to  tlio  slowly  rotiinnnif  contraction.  2.  Effect  of  the  intra- 
duction  of  the  in*trutn^rit. ^  a,  amWon  risB  of  lever  «t  moment  of  introduction, 
due  to  the  exposure  of  the  initnuwnt  to  the  p.eMure  of  the  sphincter  (the  top 
of  thi*  lint  repr.  «e.iti  the  decree  of  prevmns  eontractinn)  ■  b,  initiMl  rise  due  to 
Increased  contraction  i  tf,fA\\  from  pnrtial  inhibition  j  d,  Buk.seqwent  contrac- 
tion, rining  to  ft  gre-ter  degree  tlmn  the  initial  contraction,  and  .nbseaucntlv 
falhng  tliphtly.  3.  Kffeet  of  conph.  o,  preH«„re  of  tonic  contr»etum  u£ 
iphhicter  (the  uliffht  im^gnhintie*  nre  due  to  pnlacwavei)  ;  h,  f«ll  in  pressure, 
due  to  the  movement  of  the  instrument  by  tht^  eonghj  c.  initial  coutr*<rtln,i  • 
rf.  relaxation  nf  mhibttcd  «pk.ucter;  e,  e.  ^,  jbythmiofcl  varktiou«  id  iuUeqnent 
liie,     (truin  the  '  Proe,  lioyal  bociety,'  1877.) 

cylinder  instead  of  the  finger,  and  registering  the  pressure  on  the 
cylinder  by  connecting  it  with  a  recording  apparatioa.  The  relaxation 
ifl  then  found  to  be  preceded  by  a  very  slight  brief  contraction,  and 
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to  be  followed  by  tmbroken  toaic  contraction.  Tht?  relaxation  maj 
also  be  readily  produced  by  any  impression  on  the  mucous  membrane 
ftlxive  the  sphinct-T.     Fig.  85  shows  some  of  the  tracings  obtained. 

The  action  of  the  bladder  mechanism  can  be  best  understood  by 
asamming  that  the  motor  centre  really  consiats  of  two  parts,  one  (m8» 
Fig.  86)  maintaining  the  contraction  of  the  sphincter,  the  other  <  md) 
exciting  the  contraction  of  the  detrusor  fibres,  and  that  these  two 
parts  are  antagonistic;  when  one  acts  the  other  is  inhibited.  Thus, 
in  normal  rest,  the  sphincter  centre  ia 
active,  the  detrusor  at  rest. 

Apparently,  the  process  of  micturition 
is  effected  by  the  automatic  contraction 
of  the  wall,  when  the  sphincter  is  re- 
laxed. The  sphincter  is  certainly  under 
the  influence  of  the  will,  which  is  able 
to  maintain  and  increase  its  contraction^ 
but  it  ia  doubtful  whether  the  mere  ces- 
sation of  the  voluntary  influence  is  alone 
the  cause  of  Us  relaxation.  The  elements 
of  the  process  can  be  betst  discerned  when 
it  is  weakened  bv  slight  disease.  It  ia 
then  clear  that,  in  addition  to  the  cessa- 
tion of  voluntary  contraction,  the  relaxa- 
tion is  dup  to  tlie  sensory  impulses  from 
the  mucous  membrane  at  the  neck  of  the 
bladder,  but  these  do  not  seem  to  in- 
hibit the  spinal  centre  directly.  This 
only  becomes  inactive  when  the  afferent 
impulfles  act  on  the  sensory  centres  in  the 
brain,  and  it  may  be  essential  for  the 
influence  on  these  centres  to  be  increased 
by  the  lowering  of  resistance  involved  in 
conscious  •'  attention.**  If  the  sensation 
is  not  attended  to  no  relaxation  may 
occur.  The  effect  may  be,  indeed^  due 
to  an  automatic  cerebral  influence,  main- 
taining the  action  of  the  spinal  centre, 
which  is  only  "taken  off"  when  the 
sensory  impression  causes  its  full  effect 
on  the  cerebral  processes.  The  elements 
of  tlie  met'hanism  are  scarcely  to  be  discerned  in  health,  but  may 
under  exceptional  conditions  be  clearly  perceived. 

Although  no  other  part  of  the  aHmentary  canal  is  under  voluntary 
influence,  all  parts  are  probably  related  to  the  spinal  cord,  by  means 
of  the  connection  between  the  sympathetic  Bystein  and  the  nerve- 
roots.  Constipation  ia  extremely  common  in  disease  of  the  spina] 
cord,  and  is  often  greater  than  can  be  accounted  for  by  the  mere 
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at  Uie  chftBgeB  in  nutrition,  but  it  is  probablj  not  tlie  sole  tnechanism 
bj  which  these  changes  are  produced. 

There  im  a  special  connection  between  the  sjmpatlietic  and  the 
eBrrical  region  of  the  spinal  cord.  This  region  contains  the  p^ith  to 
the  Tisceral  nerreB  that  control  the  siigar-forming  functions  of  the 
lirer.  The  lower  part  of  the  cervical  enlargement  contains  also  un 
important  centre  which  controls  the  sympathetic  nerres  for  the  vessels 
of  the  head  and  face.  The  path  of  central  iuHuenoe  for  the  radiating 
fibrss  of  the  iris  passes  also  from  the  region  of  the  third  nerve  nucleus, 
down  the  cervical  cord,  hy  the  lowest  cervical  or  first  dorsal  nerve,  to 
the  tympAthetiOt  and  then  ascends  the  cervical  trunks  and  passes  aloug 
the  fibres  which  accompany  the  internal  carotid  arteir  to  the  nasal 
division  of  the  fifth  cranial  nerve.  In  this  the  fibres  run  for  some 
Ufetle  distance,  ultimately  reaching  the  dilator  muscle  as  the  long 
caHarj  nerves.  Fibres  also  pass  from  the  cervical  oord  to  the  sym- 
palbetie,  through  which  the  action  of  the  heart  is  accelerated. 

MirruAx  Rblation  or  the  FtmoTioNa  of  tbs  Spikax  Cobd. — It 
mmj  be  well  to  present,  in  the  form  of  a  table  (p.  252),  the  relation  of 
the  motor  and  refiex  functions  of  the  cord,  as  far  as  our  knowledge  itt 
tlieee  relations  extends.  Many  points  are  still  uncertain.  The  sensory 
nlitions  will  be  sufficiently  obvious  from  the  figures.  The  table  does 
not  nee  J  any  detailed  explanation.  It  is  merely  a  comparative  collection 
of  the  facts  that  have  been  stated  in  the  preceding  pages.  We  shall 
teft  the  value  of  this  collocation  of  functionn  when  we  consider  the 
fiftrtf  of  tnuisverse  lesions  of  the  cord  &t  difEur^At  levels. 
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loss  of  power  of  the  abdominal  mnscleB.    The  pain  in  the  baci 

is  so  common  in  disease  of  the   sttimach  has  been  regarded  as  a 

reflect<id  pain,  due  to  this  conuection. 

The  uterine  fmictions  are  probably  independent  of  the  cord  in 
greater  degree  than  those  of  any  other  organs  under  the  influence  of 
the  sympathetic.  The  function  of  raonstniiition  goes  on  independeotly 
of  cord  disease,  and  may  be  regular  although  there  is  absdhite  arrest 
of  all  conduction,  sensory  and  motor.  Pregnancy  and  labour  may 
proc*^d  in  normal  course,  in  spite  of  such  disease  of  the  cord  as  causes 
complete  motor  paraplegia. 

Sexual  Functio US, ^-The  activity  of  the  sexual  oi^ans  depends  on 
the  integrity  ol'  the  reflex  loop  to  and  from  a  speciaJ  centre,  also 
situated  in  the  lumbar  enlargement,  but  the  due  action  of  this  centre 
depends  on  cerebrnl  (psjc^iical)  as  well  as  on  reflex  influcnoea.  JDis- 
eaee  of  the  centre,  or  of  the  nerves  leading  to  or  from  it,  akjlishcs 
seiual  action.  The  sexual  reflez  is,  however,  one  of  the  cutane^ms 
reflexes,  and  it  shares  the  condition  of  these  rather  than  of  the  muscle- 
reflex  proces.'^es.  It  has  been  stated  that  in  tabes  loss  of  seiual  power 
is  associated  with  loss  of  tactile  senaibility  of  the  glans  penis.* 

The  centre  is  prubat'ly  double,  and  it«  at^tion  is  inipjiirod  by  inter- 
ference  with  either  half.  When,  by  disease  higher  up,  the  connection 
with  the  psychical  centres  is  interrupted,  the  sexual  act  cannot  be 
perfeirtly  performed.  If  the  path  from  the  controlling  centre  (p.  20) 
is  imimpaired,  the  reflex  sexual  processes  are  not  in  excess,  and  may 
even  be  dimiiiiKhed  ;  but  if  the  path  from  this  controlling  centre  is  also 
interrupted,  the  reflex  sex  mil  processes  are  in  excess  like  the  other 
superficial  reflexes,  and  priapism  results.  If  the  reflex  centre,  or 
connecttiig  paths,  are  partially  diseased,  the  sexual  process  may  be 
impaired  and  imf  terfect,  but  not  abulisbed. 

Vaso-nwtor  CeHtrt'».--The  sympathetic  nerves  to  the  vessels  are 
influenced  from  the  spioal  cord.  It  is  probable  that  the  path  is  by 
the  fine  fibres  of  the  anterior  roots,  and  that  most  of  the  constrictor 
fibres  le-ave  the  cord  between  the  tliird  dorsal  and  tlie  second  lumbar, 
while  the  dilator  fibres  are  more  widely  scattered,  many  arisiDg  in  the 
upper  dorsal  region,  while  others  leave  the  cord  in  its  lumbar  and 
saca-al  portions  ("pelvic  outflow**).  Some  facts  of  disease  suggest 
that  ihe  subsidiary  vaso-motor  centres  are  situated  in  the  intermediate 
grey  matter;  and  this  conclusion  is  supported  by  the  important 
researches  of  Gaskell,  which  refer  the  function  to  the  small  cells  of  the 
intexmedio-lateral  tract,  which  he  traces  upwards  to  the  vaso-motor 
centre  in  the  medulla.  The  action  of  the  vaso-motor  nerves  may  be 
deranged  by  disease  of  the  cord.  It  is  probable  that  such  a  relation 
exist*  between  all  parts  of  the  vaso-motxjr  system  of  nerves  and  t!ie 
cord,  and  that  the  relation  obtains  between  each  segment  of  the  cord 
and  the  vascular  nerves  to  the  correspendiug  part  of  the  trunk  and 
liiub-s.  This  derangement  in  disease  may  take  a  part  in  the  production 
•  Smi  lirowu,  •  Laacel,*  ItiUtt. 
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of  the  changes  in  nutrition,  bnt  it  is  probably  not  tbe  sole  meehanism 
by  whicb  these  cbaugee  are  produced. 

There  is  a  special  connection  between  the  sympathetic  and  the 
oenrical  region  of  the  spinal  cord.  This  region  contains  the  path  to 
the  visceral  nerves  that  control  the  sngar- forming  functions  of  the 
liver.  The  lower  part  of  the  cerviciJ.  enlargement  containe  also  an 
important  centre  which  controls  the  sympathetic  nerves  for  the  vessels 
of  the  head  and  face.  The  path  of  central  influence  for  the  radiating 
fibres  of  the  iris  passes  also  from  the  region  of  the  third  nerve  uucleus, 
down  the  t-ervical  cord,  by  the  lowest  cervical  or  first  dorsal  nerve,  to 
the  sympathetic,  and  then  ascends  the  cervical  trunk,  and  j^asses  along 
the  fibres  which  accompany  the  internal  carotid  artery  to  the  nasal 
division  of  the  fifth  cranial  nerve.  In  this  the  fibres  run  for  some 
little  distance,  ultimately  reaching  the  dilator  muscle  as  the  long 
ciliary  nerves.  Fibres  also  pass  from  the  cervical  cord  to  the  sym- 
pathetic, through  which  the  action  of  the  heart  is  accelemted. 

Mutual  Eklation  oi*  the  Functions  of  the  Spinal  Coei>,— It 
may  be  well  to  present,  in  the  form  of  a  table  (p.  252),  the  relation  of 
the  motor  and  reflex  functions  of  the  cord,  as  far  as  our  knowledge  of 
these  relations  extends.  Many  points  are  still  imeertain.  The  sensory 
relations  will  be  si^ifficieatly  obvious  from  the  figures.  The  table  does 
not  need  any  detailed  explanation.  It  is  merely  a  comparative  collection 
o£  the  facts  that  have  been  stated  in  the  preceding  pages.  We  shall 
find  the  value  of  this  collocation  of  functions  when  we  comiider  the 
effects  of  tarausverfie  lesions  of  the  cord  at  different  levels. 
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87  ftiul  88.— Dr.  Henry  H^nid  fian  been  kind  mouf^h  to  penult  the  me  of  tbwa. 
I,  mainly  on  *^*'**  ^^  lier|ies  mstor  and  of  locaUiwl  ipinnl  eord  Iwioiis.  It 
gi«  »pproiiwftt*lj  to,  and,  In  muj  case,  they  will  i«rv«  m   r  substttntkl 
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They  were  derlperi)  by  bim,  ftnd  the  Aeniory  nreai  are  niArled  oat  t«  *  result  of  hU 
t«  nut  claim t^d  that  ail  the  iireaa  «r«  ftbftolutelj  cotT«ct.  1%  it  Iwlievtd  tliftt  tbe 
I  ImuI  s  f  ur  f n  ture  retearch . 
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Table  showing  approxinuUe  relation  to  ih$  wpinal  nerves  of  Ih^  motor  anJ  r^t^ 
funetUmi  of  the  spinal  eord.  The  eeneory  areoe  ar«  isuiwated  litUk  su^^kni 
eUametM  tn  Figa,  87  and  88. 
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MTMPTOM8  OF  DISS  ASS  OF  TEE  SPTNAL  CORD »  TITDWATWJfS 
or  TSE  SEAT   OF  TM£  ZSSlONt  A.NATOMICAL   DIAGNOSIS, 


The  fljm ptoms  of  dieeaae  of  the  epinal  cord  consist  in  derangement 
<tf  iU  Tarioufl  functions ;  the  loss  of  some,  the  exaltation  and  perver- 
aoQ  of  others.  We  hare  already  considered  these  functions,  and  the 
"puim  of  the  cord  bj  which  they  are  subserved.  We  may  now  briefly 
the  general  character  of  their  derongeinent,  and  its  sig^nifi- 
In  regard  to  the  position  of  the  disease.  The  combination  of 
indicates  the  seat  of  the  lesion ;  we  infer  its  nature  from 
Ibor  mode  of  derelopment,  and  other  considerations,  which  will  be 
wbigqtifintly  discussed.  It  is  always  important  to  keep  these  two 
tlCBBgpts  of  the  diagnosis  distinct  in  the  mind. 
A  common  feature  of  the  symptoms  of  disease  of  the  spinal  cord  is 
bilatera]  character.  This  depends  on  two  causes,  of  which, 
r,  only  the  first  is  peculiar  to  the  cord,  and  can  be  regarded  us 
special  cause  of  this  feature  of  its  diseases.  The  Htmclures  in 
half  of  the  spinal  cord  are  in  such  close  proximity,  that  any 
random  process,  such  as  hsBmorrhage  or  Inflammation  or  pressure, 
rvidilj  aiEects  boUi  halves — can,  indeed,  hardly  fail  to  do  so  in  some 
digree,  and  usually  to  such  an  extent  as  to  cause  the  bilateral  cha- 
ncier oi  the  symptoms  to  be  obtnisiye.  Secondly,  morbid  processes 
tkfti  eonuDence  in  the  nerve-elenients  and  affect  them  according  to 
thmr  function  (*•  system  diseases  ")  usually  involve  the  corresponding 
stvuctores  of  the  two  sides,  and  the  spinal  cord  contains  many  struc- 
Ums  tltat  are  liable  to  such  processes.  Hence  a  large  |>roportion  of 
the  diaeases  of  the  spinal  cord  involve  both  sides  and  cause  symptoms 
tbat  havo  a  corresponding  range  The  leading  fact  that  results  from 
tMm  is,  that  the  characteristic  type  of  palsy  is  '*  paraplegia."  The  word 
im^ns  bt4?nLlly  paralysis  of  the  parts  beneath  or  beyond  a  certain 
lomJS^f  and  involves  the  distinction  of  a  motionless  part  of  the  frame, 
wUeh  no  doubt  arose  from  the  variable  extent  of  this,  in  comparison 
villi  ibe  uniformity  of  the  re^on  affected  in  "hemiplegia."  But 
1^  laoeiid  condition  causing  the  bilateral  character  of  the  symptoms 
m  thurd  equally  with  those  outlying  parts  of  the  spinal  cord — the 
|gipWtfU  nerres ;  and  as  this  condition  obviously  determines  a  stricter 
•jiBBfftfj  than  dnen  the  first,  it  follows  that  this  character  is*  not, 
alooe,  c(f  much  significance,  and  is  indeed  least  significant  when  most 
cioinpl«l0.  In  the  affections  that  are  strictly  symmetrical,  therefore, 
othflT  telnres  must  also  be  taken  into  account. 

ehATw^tcr  of  spinal  symptoms,  not  shared  by  those  of  the 
consists  in  their  variation  in  vertical  extent  a'  cording  to  the 
or  titent  of  the  leiiion.     But  we  must  distinguish  two  classes 
of  fjDptom*  within  the  region  in  which  they  exist      (1)  Those  which 
tht  iniemtptioD  of  the  conducting  path  to  or  from  the  hndn, 
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and  involTe  tlie  whole  region  below  the  disease.  (2)  Those  which 
depend  on  damage  to  the  central  etructurcB  in  the  cord  and  nerve- 
roots,  which  are  present  only  at  the  lerel  of  that  damage,  i>  e.  in  the 
parts  fnnctionallj  related  to  that  part  of  the  cord.  The  two  aets  of 
symptoms  may  be  distinguished  as  ''conducting"  and  "central;**  but 
in  many  diseaseB  those  at  the  level  of  the  lesion  are  chteEy  due  to  the 
irritation  of  the  nerve-roots,  and  these  are  most  usefully  designated 
**  root  Bymptoms." 

Disease  of  the  cord  doea  not  always  cause  bilateral  symptoms. 
A  little  consideration  will  show  that  this  must,  be  so.  A  random 
process,  of  small  extent,  may  damage  one  side  only«  It  may  afEeet 
one  or  several  structures  on  one  side  or  all  of  them.  Nevertheless  it 
is  Tory  rare  for  such  a  procesa  to  spare  the  other  side  altogether,  and 
practically  no  lesion  affects  all  parts  of  one  side  without  damaging,  in 
some  degree,  the  other  side,  at  any  rate  for  a  time.  In  very  rare 
forms  of  traumatic  lesion,  however,  the  damage  to  the  other  side  is 
almost  imperceptible.  Again,  "  system  diseases/'  in  quite  eiceptional 
cases  and  for  unknown  reasons,  are  limited  to  one  side ;  much  more 
frequently  they  may  affect  one  side  earlier  and  more  than  the  other. 
Such  unilateiul  symptoms  indicate  a  condition  awkwardly  termed 
''  hemi-paraplegia." 

MoTOB  SyMPTOMS,— Los*  of  motor  power  results  from  interference 
with  the  motor  path  in  any  part  of  its  intra- spinal  course, — ^pyramidal 
tracts,  anterior  grey  matter,  anterior  nerve-roots.  We  have  seen  that 
the  path  may  be  divided  into  two  segments,  upper  and  lower  (see 
p.  213).  The  spinal  cord  contains  a  considerable  portion  of  the  nerve- 
fibres  of  the  upjjer  segment,  and  their  lower  termination  in  the  grey 
matter,  but  only  the  commencement  of  the  lower  segment,  the  motor 
ganglion-cells,  and  root-fibres  proceeding  from  them.  The  chief  part 
of  the  lower  seguaent  is  outside  the  spine,  in  the  nerve-tninks.  So  far 
as  the  loss  of  power  is  concerned  the  effect  is  the  same,  in  whatever 
part  of  the  motor  path  the  interruption  is  situated;  but  the  other 
ijymptoms  that  accompany  the  loss  of  power  differ  very  much  accord- 
ing as  the  interruption  is  in  the  upper  or  lower  segment.  The  lower 
gQgment  influences  muscular  nutrition,  and  forms  part  of  the  path  of 
f^jlez  action.  Henoe,  as  we  shall  presently  see,  the  muscles  waste,  and 
reflex  action  is  lost,  when  this  is  diseased;  but  when  the  upper 
segment  is  damaged  there  is  no  musculax  wasting,  and  reflex  action, 
iaF*.ead  of  being  lost,  is  commonly  increased.  The  iytnptoma  piodneed 
hf  diiea»9  of  lither  segment  are  eseentinlly  the  $ame,  whaiev6r  pari  of 
the  Mgmeni  i*  diseased,  whether  the  celt  at  the  upper  extremittf,  the 
£tr€,  or  the  Tamijlcdiion  ai  the  lower  extremity  of  the  fibre.  If.  for 
Ifift^noe,  the  intra-muscular  nerve-endings  are  paralysed  by  curani  the 
g^mptoinB  produced  are  the  same  as  if  the  motor  fibres  in  the  nerve- 
^g^a  aw  divided  or  their  cells  in  the  cord  are  destroyed.  Disease  of  the 
)n  of  the  upper  segment  in  the  grey  matter  of  the  cord  must, 
produce  the  same  effect  as  disease  of  the  pyramidal 
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fibre  itself,  or  tlie  cell  in  ih%  cerebral  cortex  from  wMch  tlie  fibre 
springs.  We  sliall  afterwajda  eee  that  tbiB  consideration  lias  very  im* 
portant  applications. 

If  a  fibre  of  either  segment  is  seriotislj  daznaged,  it  degenerates  below 
the  division,  since  its  nutrition  depends  on  the  influence  of  the  cell 
from  which  it  has  sprung.  If  damaged  only  by  prt'asure,  however 
complete  nrnj  be  the  evidence  of  degeneration,  regeneration  is  possible. 
even  after  one  or  two  years.  It  is  possible  that  such  regeneration  also 
occurs  when  the  damage  is  by  inflammation.  The  nutritional  stability 
of  the  fibre,  or  rather  of  its  essential  element,  the  axis-cylinder, 
becomes  less,  and  more  easily  deranged,  the  greater  the  distance  from 
the  parent  cell,  and  It  is  least  in  the  termitial  ramification  of  each 
segment.  This  is  probably  the  reason  why  eurara  acts  chiefly  on  the 
intra- muscular  nerves,  and  it  explains  the  influence  of  many  poisons 
on  the  peripheral  nerve-endings,  and  the  facts  of  nerve-degeneration 
in  tabes  and  multiple  neuritis,  Ac.  The  law  is  probably  also  true 
of  the  upper  segment;  and  if  so,  many  facts  of  pathology  become 
clearer  to  us,  as  will  be  seen  in  the  chapter  oa  spastic  paraplegia.  It 
may  thus  ho.  taken  as  a  general  law  of  the  utmost  inipurtance  that  ike 
vitality  of  the  processes  of  a  neuron  and  their  pmoar  of  resuting  morbid 
influences  diminish  in  proportion  to  their  distance  from  the  cell  body  of 
which  they  are  really  part. 

A  lesion  of  the  pyramidal  tract  causes  loss  of  power  in  aU  parts 
below  the  level  of  the  disease — that  is  to  say,  of  all  parts  the  fibres  fc»r 
which  are  interrupted.  A  lesion  of  the  grey  matter,  or  of  the  anterior 
roots,  causes  paralysis  only  of  those  parts  which  are  functionally  on 
the  level  of  the  lesion.  The  two  mechanisms  often  coincide.  A 
tnyiiTerse  lesion  in  the  cervical  enlargement,  for  instance,  may  cause 
paralysis  of  the  arms  from  the  damage  to  the  grey  matter  and  nerve- 
root^,  and  paralysis  of  the  legs  from  damage  to  the  pyramidal  fibres. 
The  disease  involves,  primarily  m  the  former  case,  the  commencement 
of  the  second  segment  of  the  motor  path  for  the  arms  ;  in  the  latter, 
the  middle  of  the  upper  segment.  The  aeaocialions  of  the  paralysis 
differ  accordingly.  The  parts  aifected  by  a  lesion  at  any  level  will  Im 
readily  ascertained  by  an  examination  of  the  tablt*  of  functions  on 
p.  252. 

It  is  important  to  note  that  the  affection  of  motor  power  is  often 
incomplete.  It  may  then  involve  one  set  of  muscles  more  tban 
another.  The  flexors  or  the  eitensors  may  be  chiefly  paralysed.  In 
disease  of  the  doreal  cord,  ii  is  very  common  for  the  flexor  muscles 
of  the  hip  and  knee  to  suffer  more  than  the  extensors.  Why  this 
should  be  we  do  not  know,  but  the  fact  is  important,  because  lon- 
siderable  weakness  of  the  flexors  of  the  knee  is  readily  overlooked, 
In  examining  motor  power  each  set  of  muscles  should  be  separately 
tested. 

Motor  over-aciion  ;  Spasm  is  frequent  in  disease  of  the  spinal  cord 
its  membranes.     It  may  present  the  form  of  tonic  spasm,  which 


wlien  persistent  is  tenneii  rigiditif;  or  of  clonU  tpaam,  which  is  luiuQ? 
transient  and  paroxysmal.  T^c  spasm,  persistent,  and  involTing 
onlj  a  certain  group  of  muscles,  caases  distortion  of  the  paitt  lo 
which  thej  are  attached,  and  is  often  termed  contracture,^  Took 
spasm,  paroxysmal  or  persistent,  is  far  more  frequent  than  clonns 
•pasm,  which  occ\2r8  chiefly  in  association  with  tonic  spasm  as  tilt 
muscular  clonus  describod  at  p.  22.  or  as  a  consequence  of  c(*rtaiD 
functioiial  derangements.  Tonic  spasm  may  be  the  result  of  direct 
irritation  of  the  motor  structures,  or  may  depend  on  oyer-action  of 
the  reflex  centres,  due  not  to  irritation,  but  to  deficient  control 
Either  form  may  be  acute  or  chronic.  The  acute  irritation  which 
causes  spasm  is  generarllj  inflammation  of  the  membranes,  rarely  an 
acute  lesion  of  the  substance  of  the  cord.  The  chronic  irriUkium  is 
chiefly  due  to  compression  of  the  motor  fibres— either  of  the  pyraaidsl 
tracts,  when  there  may  be  persistent  unTarying^  Bjajtms  in  tha  parts 
below  the  disease,  related  to  the  fibres  irritated,— or  of  the  neire- 
Toots,  when  similar  spasm  is  produced  in  the  parts  at  the  lerel  of  tht 
lesion.  The  spasm  that  depends  on  reflex  action  is  seen  chiefly  id  the 
legs  and  trunk,  but  especially  in  the  former.  It  may  prnpondemrt> 
in  either  the  flexors  or  extensors,  so  that  the  legs,  when  n'zi«),  mi^  be 
drawn  up  or  straight  out  The  flexor  spasm  seems  to  be  due  to  as 
oTer-action  of  the  centres  for  cutaneous  reflex  action,  the  exteiuor 
spasm  chiefly  to  that  of  the  centres  for  muscle-reflex  action.  althoQgb 
it  may  also  be  excited  indirectly  by  a  cutaneous  impression.  Thia  form 
will  be  considered  in  connection  with  the  reflex  OTer-action. 

Muscular  Contraction, — The  actual  shortening  of  muscles,  by  wluefc 
they  cannot  be  passively  extended  to  their  normal  length,  is  doe  to 
tissue  changes  fixing  the  actiye  pi^rsLstent  tonic  spasm  or  contrmctitre 
just  mentioned.  The  rapidity  with  which  it  occurs  depends  on  ibi 
uniformity  of  the  spasm,  and  we  may  distiugiiish  three  tQode«  m 
which  it  arises,  which  differ  in  the  time  required  and  degre**  attaiinad 
(1)  When  one  set  of  muscles  is  paralysed,  their  opponents,  oerer 
bdng  extended,  quickly  become  fixed  in  the  contnw^ied  ooiiditaott 
which  they  assume  in  Tirtue  of  their  power  of  adaptation  to  poatura 
Thus  in  palsy  of  the  flexors  of  the  ankle,  tlie  calf  musdee  quicklv 
become  contracted,  so  that  the  foot  cannot  be  flexed  on  the  legefcn 
up  to  a  right  angle.  Tha  same  thing  happens  by  a  similar  merhaniiBi, 
when  otie  posture  is  unceasingly  maintained  and  one  sot  of  musclt^  i« 
never  extended,  e.  g.  persistent  flexion  of  the  knee  leads  quickly  tw 
structural  shortening  of  the  hamstring  muscles.  (2)  Where  there  is 
unchanging  active  contracture  from  chronic  irritation  of  the  motor 
fibres  by  a  growth,  or  permanent  reflex  contracture,  as  when  reflex 
flexor  spasm  keeps  the  hip  and  knee  permanently  flexed,  simikr 
structural  changes  occur,  so  that  passire  elongation  soon  beoonwt 

*  The  r«Terseot  this  eondition,  Iom  of  muacular  tone  prrmUting  nuosusi 
pftMive  movemsnt,  is  dMcrib«Hl  in  Ub««  under  th«  bsbiv  of  A|ppofo«i# 


b¥MPTO&lSp 


257 


I 


I 


iponbld.  (3)  In  parozjsmal  tonic  spasm  of  intense  degree,  if  one 
Hi  of  miU6Le«  is  stronger  than  their  opponents,  their  action  may  so 
prepondente  as  to  lead  to  a  greater  active  contracture  than  thdr 
opponents  present,  and  permanent  shortening  may  occur  ;  although  it 
slowly  and  to  a  slighter  degree  than  in  the  other  forms 
the  muscular  action  is  more  or  less  paroxvsmal  and  varying, 
Ai>d  ibB  muscles  are  at  times  extended  by  their  opponents.  Thus  in 
pftiozysanal  extensor  spasm  in  the  legs,  no  shortening  occurs  in  the 
Mlilicks  moving  the  knee,  because  they  are  equally  balanced,  but  the 
cmlf  imiscles*  being  stronger  than  the  flexors  of  the  ankle,  contract  the 
sad  extend  this  joint,  whenever  a  paro^sm  of  spasm  comes  on. 
after  a  time,  may  tindergo  slight  structural  shortening,  so  that 
dM  loot  cannot  be  flexed  on  the  leg  beyond  a  right  angle. 

It  is  of  great  importance  to  distinguish  the  shortening  of  muscles 
doe  to  tissue  changes  in  them,  from  the  active  contracture  that  may 
^iUmtStj  simulate  iL  In  the  latter,  gentle  extension,  kept  up  for  a  few 
inimit€s^  restores  the  muscle  to  its  normal  length*  The  importance  of 
tfao  distinction  is  due  to  the  fact  that  the  structural  shortening  can  be 
tcBioved  by  tenotomy  or  forced  extension,  while  these  measures  are 
in  the  case  of  active  contracture,  which  would  subsequently 
itself. 

^9m4tr  is  a  symptom  which  should  be  mentioned,  for  it  is  at  least 
aasoeiated  with  disease  of  the  spinal  cord  in  insular  sclerosis  (see  Vol. 
II).  It  also  occurs  in  degenerative  diseases,  such  as  paralysis  agitans 
or  fg&aanl  paralysis,  and  as  the  senile  tremor  of  old  age.  In  these 
eaumkmB  it  probably  depends  upon  changes  in  the  cerebral  cortex.  It 
is  characteristically  present  in  toxic  conditions  manifesting  themselves 
eUefljr  in  affections  of  the  peripheial  nerves,  such  as  those  arising  from 
ahTf**l?'^j  lead,  and  mercury.  The  spontaneous  twitehings  of  muscular 
fibres  known  as  **  fibrillary  twitehings  ' '  occur  especially  in  association 
with  degenerative  disease  of  the  anterior  comual  cells. 

Imc^'OTdifuUion  of  movement ^  although  motor,  dt.'pends  usually  on 
disf  s<i  of  afferent  fibres.  Its  characters  have  been  already  described 
in  oalline  (p.  10). 

It  ooeimi  in  three  forms,  of  which  the  third  differs  entirely  from 
lbs  olbsn  in  aspect  and  nature,  and  alone  is  a  true  motor  symptom. 
no  two  ebief  forms  are  the  following: — (1)  Simple  disorder  of 
vohmtaij  mnscuhu'  contractions,  which,  when  considerable,  amounts 
to  a  wild  iiT«gularity  of  movement,  and  when  slight  is  only  manifested 
by  s%ht  inegukrity  when  the  gmdance  of  vision  is  withdrawn — as  in 
the  inability  to  maintain  the  muscular  contractions  in  the  perfect 
u&tfonmty  needed  for  equilibrium  when  the  base  of  support  is  ren- 
by  the  juxtayiosition  of  the  feet.  The  delicacy  of  the  test 
»  lliimafiil  by  the  removal  of  the  firm  base  afforded  by  the  boot,  and 
b^  dosim  of  the  eyes.  The  increase  in  unsteadiness  when  the  eyes 
is  sometimes  termed  "Romberg's  symptom."  This  oon- 
iMiilta  from  interruption  of  the  afferent  path  from  the  muscles 
VOL.  I.  17 
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to  the  spinal  coid,  including  the  fibres  that  aaoend  the  oord  anQ  tboie 
that  Bubseire  the  muscle-reflex  process  at  the  lerel  of  entrance.  The 
effect  of  the  loss  of  the  latter  is  a  cessation  of  the  chief  part  of  spiiial 
co-ordination,  which,  as  we  hare  seen,  depends  on  those  prooesaet, 
co-o[Xirating  with  the  voluntarr  impulse.  Hence  it  is  associated  with 
loss  of  the  knee-jerk.  The  loss  of  other  forms  of  reflex  action  does 
not  seem  capable  of  causing  incoordination.  In  complete  interrup- 
tion of  the  root-fibres  from  the  muscles  the  mechanism  of  the  noxt 
form  is  necessanlj  conjoined.  (2)  Inoo-ordination  resemblinfir  tbe 
slighter  dej^rees  of  that  just  described,  and  consisting  esi>ei'ial1r  in 
such  a  defect  of  equilibrium  as  results  from  disease  of  the  middle  lobe 
of  the  cerebellum,  is  produced  bj  disease  of  the  posterior  medi;ui 
columns  above  the  lumbar  enlargement,  or,  if  it  extends  into  the 
latter,  leaving  the  root-zones  free  so  as  not  to  impair  muscle-reil«'i 
action.  This  is  apparently  produced  hj  interrui»tion  of  the  path  hy 
wliich  impressions  from  the  muscles  are  conveyed  to  the  posterior  nuclei 
of  the  medulla,  and  probably  thence  to  the  cerebellum  (p.  244).  The 
effect  is  to  deprive  the  motor  cortex  of  the  guidance  afforded  by  these 
impulses.  The  difference  between  this  form  and  the  slighter  degrees 
of  the  first  is  that  the  muscle-reflex  action  is  not  lost,  the  knee-j^rk 
being  preserved.  They  are  both  spoken  of  as  aicucy  also.  (8)  Irregular 
compression  of  the  motor  fibres  in  the  cord  apparently  causes  the 
|x.'culiar  jerky  inco-ordination  seen  in  disseminated  sclerosis,  which  ii 
supposed  to  depend  on  unequal  and  irregular  conduction  alon$;  the  fibres, 
due  to  their  compression.     This  form,  however,  needs  further  study. 

Sensory  Symptoms. — Loss  of  sensation  is  a  very  common  effect  of 

disease  of  the  spinal  cord.     It  may  be  total,  and  involve  all  forms  of 

sensibility,  or  partial,  and  affect  only  some  forms.     The  statements 

ma^le  on  pp.  13 — 19  regarding  impairment  of  sensation  generally,  and 

the  method  of  ascertaining  it,  apply  to  that  which  results  from  coni 

disease,  and  need  not  be  here  repeated.     It  has  been  also  pointed  out 

(p   '8)  that  loss  of  sensation  occurs  less  readily  than  loss  of  mott»r 

ix>wer.     In  cord  disease  it  is  common  for  muscular  paralysis  to  exist 

^itli  intact  sensibility.     This  may  partly  depend  on  the  fact,  asciT- 

Jiined  by  txjHTiments  on  the  effect  of  local  ansemia  of  the  cord,  tlut 

i<>  s«'ns<»ry  fibres,  of  the  nerve-roots  at  least,  seem  to  have  more 

J'sisting  power  than  the  motor  fibres.     Sensation  may  be  impaired  bv 

«   N«Ms«.  of  any  part  of  the  sensory  path — ^posterior  roots,  probably 

t\  T         ^**  '^<«'rjf)r  coniua  and  commissure,  or  the  conducting  tra^Ms  up 

^^  ^*^rd.     ^^  division  of  the  sensory  path  into  upper  and  lower  8«\;- 

'      ^  IS  conoeivahle,  analoj^ous  to  that  of  the  motor  path,  although 

>avo  7i(^,^  ^1^^  same  clear  ^^round  for  the  distinction  into  simple 

m.'!'t''  ***^  *^f  similar  c(>niiM>sition.     Histological  researches  show  that 

tli*^    ^*^  ^^**'  ^'^'iilriiK'tal  neurons  have  short  axis-cylinders,  and  suggest 


J  ^.  M»w;ii.a  (on^ludion  is  s\il»served  by  a  number  of  rt*lays. 

^Ntli '.''''*.'"'  "'**  ^^^•-  l"''*t^'n*>r  n.'rve-roois  causes  loss  of  reflei 

'*^  ^*'4»iiiruient  of  sensalion,  just  as  disease  of  the  antt 
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with  reflex  action  aa  well  as  with  motor  power.     Intemip- 

of  the  sensory  conducting  tracts  higher  up  leaves  reflex  action 

But  a  focai  lesion^  such  as  traasTerse  mjelitis,  majr 

damage  both  the  conducting  tracts  and  the  nerre^roots  at  the  level  of 

I  the  lesion,  or  mav  affect  only  one  of  theee.     Dlseaee  outside  the  cord, 

[^eo<BipreeBing  it,  may  have  the  same  double  effect.     Hence  it  is  inipor- 

j^H^  to  teet  aensation  at  the  level  of  the  lesion,  as  well  as  in  the  parts 

VBw,  mad  to  remember  that  the  "  level  of  the  lesion  "  may  involve 

the  limbs  or  the  trunk.     Areas  of  aniesthesia  may  thus  be  found  on 

Che  t^mak  when  there  is  none  on  the  legs,  and  may  be  of  considerable 

diil^oetic  importance,  e.g.  in  spinal  caries. 

Haniiom  disease  of  the  nerve-roots  outside  the  cord  usually  impairs 

ill  forms   of    sensibility,   although   slight  damage   may   arrest   the 

of  tactile  impressions,  and  not  those  of  pain»  which  are 

\j  more  energetic.     Disease  of  the  roots  within  the  cord  often 

ooly  partial  loss,  because  the  fibres  which  conduct  different 

ns  have  a  different  course.     But  loss  of  one  form  of  sensi- 

from  disease  of  the  root-fibres  or  nerve-fibres  usually  depends 

on  the  kind  of  disease,  and  is  especially  due  to  degenerative  changes^ 

I  the  ttmih  of  some  present  or  past  local  influence.     Disease  higher  up 

I  the  ootd  still  more  frequently  causes  partial  bss;  either  sensibihty  to 

pais  or  to  touch  mav  be  impaired.    That  to  temperature  is  rarely 

^^Aeled  without  that  to  pain.     We  do  not  yet  know  precisely  the 

^^^hfieuioe  of  this  special  form  of  loss,  because,  as  we  have  seen,  we 

^^■■tin  imcertain  as  to  the  path  for  each  form  of  sensibility.     It  is 

^^UiT  probable,  however,  that  loss  of  sensibilitv  to  pain  is  produced 

hj  dtsrase  of  the  grey  matter  immediately  anterior  to  the  postero- 

column. 

of  the  posterior  median  column,  and  possibly  that  of  the 

I  dtiwi  cerobeUar  tract,  certainly  impairs  the  conduction  of  impressions 

frofm  the  mvaclee.    It  probably  abolishes  the  "  muscular  sense  '*  of 

[  poetoie  and  movement,  although  this  does  not  entail  a  distinct  sen- 

1017  lots.    But  there  may  be  also  a  greater  loss  of  muscular  sensibility, 

so  thftt  the  normal  sensitiveness  to  pressure  and  passive  extension 

(end  €WBa  at  last  to  electrical  stimulation)  may  be  impaired  or  lost. 

Tike  **  common  sensibihty  '*  of  muscles  is  probably  lost  only  when  the 

discest  of  the  nerves  is  greater  than  suffices  to  aboli&h  what  is  termed 

Ibe  *'  mosofular  sense.'*    Interference  with  this  path  in  the  nerves  or 

^reoti  ooteide  the  cord  abolishes  muscle-reflex  action^  and  also  causes 

^^be  pronoimoed  symptoms  (ataxy,  ^k4^)  thim  disease  higher  up  the 

P|Rb  within  the  oord. 

Imcrmnd  MnmtivtnuM,  hypersesthesia  and  hyperalgesia,  are  also 
^■ifiiifciMfc  In  diSfennaf  the  spinal  cord,  and  usually  depend  on  irritation 
<if  |]m  oondtiotiii^  fibree  in  some  part  of  their  course  Probably  the 
UTitAiiou  prodnoee  the  effect  by  intensifying  the  impulse  as  it  pa£se<», 
the  pbeoomffna  of  stimulaLion  of  nerves  show  that  their  axis- 
cyladers  have  some  power  of  trunsformiug  other  forms  of  energy  intc 


t»  JT^Mdiea  for.  ^J       Bcneauoa.  '^f      t-Uke 
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tfcwiiplrea  and  their  medical  atiendants.  The  mistake  is  the  more 
flMtlj  made,  because  other  Bymptoms  sugj^stive  of  spinal  disease  may 
tiK)0<n>pictioii8,  and  the  rheumatoid  pfiins  in  chronic  eases  maj 
iailiienoed  bj  weather,  l)eing  mu^h  more  troublefiome  in  damp  and 
than  in  fine  and  drr  weather.  In  all  cases,  persistent  rheumatic 
m  the  limbs  should  suggest  the  possibility  of  spinal  disease,  and 
•bould  l:>e  kept  for  such  Bjmptvana  as  local  loss  of  power,  or 
in  reflex  action.  There  is  a  third  claas  of  pains —resem- 
root-paina — which  depend  on  degenerative  changes  in  the  nerre- 
vrss:  the  molecular  alterations  that  result  give  rise  to  upward 
ipolaas  of  considerable  intensity.  They  are  met  with  in  locomotor 
taj  mod  in  multiple  neuritis,  and  may  be  dull  as  well  aa  acute.  The 
m  in  which  these  various  radiating  pains  are  felt — legs,  trunk, 
tpp^nds  upon  the  seat  of  the  disease.  Although  often 
in  the  root-fibres,  these  pains  may  also  be  due  to  the  peri- 
piMn)  nerres. 

It  is  especi&Uy  important  to  note  that  the  root- pains  are  frequently 
OS  a  sense  of  constriction,  a  painful  sense  of  tightness,  as  if  a 
id  were  tied  tightly  around  the  part — the  "  girdle- pain,"  as  it  is 
9IM.  When  there  is  tranererse  damage  to  the  cord,  at  the  lowest 
of  the  healthy  region  there  is  a  state  of  irritation  of  the  sensory 
and  this  irritation  (referred  to  the  nerve-endings)  causes  the 
It  is  named  from  its  frequency  at  the  level  at  which  a 
gtHOe  ii  worn,  the  middle  of  the  trunk,  which  depends  on  the  dorsal 
tt^tm  being  the  moet  common  seat  of  disease;  but  it  may  be  felt 
lofwtr  down,  about  the  groins  or  even  the  legs,  or  higher  up,  in  the 
arms.     In  the  limbs  it  is  a  mere  sense  of  tightness. 

Hie  girdle- («ain  is  a  symptom  chiefly  of  inflammatory  and  degene- 
rative pgQcceses  within  the  cord.  Pressure  on  the  nerve-roots  usually 
tmmma  acnte  pain,  but  the  most  severe  root-pains  are  those  met  with 
im  4immm  of  the  bones  of  the  spine.  These  have  also,  more  than  any 
otber  kiad,  the  characteristic  that  they  are  increased  by  movement, 
afid  IB  growtbe  commencing  in  the  bones  (which  axe  usually  malig- 
WuA)  thta  featiire  is  of  considerable  diagnostic  importance.  The 
mfiviiig  in  such  caees  is  so  great  as  to  have  gained  for  the  resulting 
•ymptoiiie  tike  ominous  designation  of  yaraphgia  dolorosa.  The  pain 
in  lUs  oondition  may  hare  a  localising  value^  that  in  carcinoma  being 
frsqiieBtlf  referred  to  the  neighbourhood  of  the  column,  while  in 
cruiet  it  teems  more  frequently  to  affect  the  side  of  the  chest. 

SpomiompoiHt  $e%Mationty  other  than  pain,  are  very  common  in  diseaee 
of  tlie  spinal  oord,  and  are  often  of  considerable  diagnostic  im- 
pofiaaee,  but  suggestive  rather  of  the  presence  of  a  morbid  state  thim 
of  in  aatiure.  They  may  present  many  varieties  of  chanicter,  but  the 
f^iwfitl»y  sepialioo  produced  by  pressure  on  a  nerve- trunk,  when  the 
part  Ii  Mid  to  be  *'aaleep/*  or  to  have  ''pins  and  needles,'*  is  the 
most  eommtm  and  the  most  significant.  It  may  occur  in  functional 
dietsrbaace  ol  the  cord  as  wet!  as  in  organic  dJaeiMic^  and  also  is  very 


:r^^-^-*lfi—  17S.  «>t«»y  different  B^^^^^i^ 
.-^  -.'  -'"^^  ,  _^  action  indicates  an  ^^, 


.»"^      ,  «^  «^*^  form  «^nd  *^®  "^   ^,,.ent  path  m».^ 
^'rSw:-  -^  •^Wi'l^rlf  musctreflex  action  C- 
-*-  t^.J«fe*»*l,  J»y  •»'°^'*  wXx  action,  Binoe  tb^ 
,*S«  ^    jT^**- V    ■i«P«'*«''^  irtbe  one  case   * 

X-^:  ti  --'^.Sunct'  r^'Xf  one  only  is    ^ 

-  -ft^'  .^w*  "^^m  the  sUm.    ^^«  ^^^  ^^^is  seem  ^ 

-  -  •*-  ^  ^JT^on  -,  the  ^^^^°^i  i,tt«cne^ 
■    -  *-"rL^««*'*tJ>e'  0*  Tas  a  t"-ient  B>™pt^ 

-  J2  W^^^JS^  may  o"":^'^^  li  tbe  cord,  avpar^ 

•^^       ^^'X'***/^*  oentreB.   ,*^^^i^  disease  on  tie    ' 
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jerk  18  preaeiit  or  is  lost,  on  acccount  of  the  ireadmesB  with 
which  its  occurrence  toaj  be  prevented  by  inabilitj  to  relai  the 
wiMotoa,  uid  its  presence  may  be  simulate  by  a  tnie  reflex  action 

^  Ttfitm  adiom  implies*  of  necessity,  the  integrity  of  the 
are  concemedt  and  shows  that  organic  digease,  if  it  eiiets.  is 
np  the  cord.  Each  form  of  reflex  action  is  often  increased. 
aeat«  diseases,  as  acute  meningitis,  and  probably  also  in  some 
»iiic  diseases,  the  increase  may  be  due  to  an  irritation  of  the 
eralrett,  but  in  most  forms  of  chronic  disease  it  is  apparently  the 
ivsoli  of  a  loss  of  control,  and  indicates  disease  between  the  centre 
^Qosnied  and  the  brain.  We  have  already  considered  (p.  240)  the 
pmlsUiW  laeehanism,  and  hare  se^i  that  the  excess  of  the  muscle- 
action  is  related  to  disease  of  the  pjramid^  fibres,  and  espe- 
\j  to  the  loss  of  the  terntiual  part  o£  these  fibres,  within  the  grey 
\  adjacent  to  the  centres  concerned.*  This  is  the  si^'nifi^'anoe 
f^iMuaderable  excess.  Begeneratiun  of  the  terminal  portions  of  the 
is  commonly  due  to  a  descending  degeneration  of  the  fibres  them- 
It  is  possible,  howeyer,  that  the  degeneration  of  the  endings 
the  pyivnidal  fibres  may  be  primary,  as  is  that  of  the  nenre-fibres. 
PHmary  Spastic  Paraplegia.)  The  increase  of  reflex  action  is 
manifested  in  the  legs,  in  which  reflex  actitm  is  normally  more 
active  and  importaiit  than  in  the  arms.  The  increase  in  the  cutaneous 
rsAex  action  is  shown  by  its  occurrence  on  a  slighter  stimulation  of 
llie  akin,  and  by  a  greater  degree  and  extent  of  the  muscular  contrac- 
tioBS  produce<1.  In  these  the  flexors  usually  predominate,  so  that  the 
kig  ia  drawn  up  in  a  strong  moyement.  As  the  action  of  the  sexual 
dapends,  in  part,  on  superficial  reflex  processes,  priapism  is 
when  the  reflex  excess  is  great.  The  increase  of  the  muscle- 
action  }A  shown  by  an  increase  of  mvotatic  irritability,  and 
Pore  of  the  so-called  "tendon-reflex  contractions,**— the  increasod 
>ierk.  rectus-clonus,  foot-clonus,  wrist-jerk,  elbow-jerk,  jaw-jerk. 
jaw-clonns,  &c.  These  have  been  already  described.  As  already 
ftftt«d»  the  eioess  of  this  irritability  is  at  first  moderate,  and  slowly 
IwrfffawM  A  high  degree  of  over-action  is  never  suddenly  attained. 
as  it  may  be  tn  the  case  of  cutaneous  reflex  action.  It  would  se^m  as 
though,  in  the  centres  liberated  from  control,  a  capac*ity  for  exeesatire 
Action  is  slowly  developed,  which  ultimately  results  in  tonic  spasm. 

XuC  only  is  the  common  cause  of  this  excess  damage  to  the  pyra- 
midal trusts  higher  up  the  cord,  entading  their  seoondaiy  degenera- 
tloii;  but  if  such  disease  higher  up— as,  for  instance,  primary  myelitis 

inWrfvlin^  to  note  the  armli>|^j  b«twe«n  tbe  effect i  of  degeneration  of  the 

of  the  Iwo  argmpnu  of  the  motor  paitU.     This  lacreMMd  ■clivity  of  tb« 

rentrrt.  which  results  from  (le|{eni: ration  of  the  tcTuiinfttinn  of  the 

,  prfsentA  »oma  tirailftrit^  to  the  itjore«»c*l  vtiltalc  irrit«biiitj^  of  the 

fibre*  wbidi  ree^tu  fnnu  ilegcnemtion  of  the  tenniiiatiou  of  tiia  lover 
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or  injury  to  the  cord— is  followed  by  abolition  of  the  muscle-reflex 
action  in  the  parts  below,  it  is  the  result  of  infammatorj  damage  to 
the  lower  part  of  the  cord  in  which  the  centres  are  situated,  generally 
by  a  descending  myelitis.  Sometimes  the  original  mjelitis  inYolved 
the  whole  or  a  considerable  part  of  the  cord  below,  and  the  indications 
of  a  transTerse  lesion  were  merely  those  of  the  upper  limit  of  the 
disease.  It  is  not  imcommon  for  the  aecondary  myelitis  below  an 
original  transyerse  lesion  to  succeed  it,  and  aboli^^h  the  reflex  action 
which  was  at  first  unimpaired.  I  have  several  times  met  with  such  a 
sequence.  A  primary  dorsal  myelitis  has  left  reflex  action  in  the  leg's 
unimpaired  and  tending  to  excess,  with  the  nphinoter  ani  in  iin  onndi- 
tion  of  uncontrolled  automatic  action,  when  after  a  few  days,  a  week 
or  more,  indications  of  a  recurrence  of  myelitis  have  been  attended  by 
abolition  of  all  reflex  action,  including  iJie  knee-jerk,  by  flaocidity  of 
the  muscles,  with  rapid  deyelopment  of  the  reaction  of  degeneration 
in  them,  and  by  complete  relaxation  of  the  sphincter  ani.  This  is  the 
state  from  the  first  in  the  cases  in  which  the  primary  myelitis  inTolyes 
the  whole  lower  part  of  the  cord.  Sometimes,  indeed,  such  descend- 
ing inflammation  is  limited  to  the  grej  matter  or  to  the  posterior 
columns,  with  corresponding  limitation  of  the  symptoms,  but  with  a 
similar  abolition  of  reflex  action.  Of  course,  such  descending  inflam- 
mation is  a  yery  differ,  it  thing  from  the  secondary  descending 
degeneration  of  the  pyramidal  tracts.  • 

Over-action  may  perhaps  be  also  produced  by  a  state  of  irritation 
propagated  from  aboye,  as  in  the  "  early  rigidity  "  of  hemiplegia ;  we 
have  seen  that  the  motor  impulses  probably  pass  from  the  pyramidal 
fibres  through  part  at  least  of  the  muscle-reflex  mechanism.  Primaiy 
over-action  seems  also  to  occur,  aJ though  apparently  it  only  attains  a 
slight  degree.  It  is  probably  the  cause  of  the  trifling  excess  met  with 
in  cases  of  defective  nutrition  of  the  spinal  cord  or  of  the  nervous 
system  generally. 

Ixtjiex  8j)asm. — ^We  have  seen  (p.  26)  that  the  muscular  state  on 
which  myotatic  irritability  depends,  assumed  to  be  due  to  a  musde- 
reflei  action,  is  probably  identical  with  physiological  tone.  When- 
ever there  is  a  considerable  increase  in  the  irritability  there  is  a 
tendency  to  tonic  spasm,  in  which  there  is  a  balanced  contraction  of 
the  muscles,  fixing  the  limbs  in  the  position  of  extension.  At  first 
there  is  merely  slight  stiffness  of  the  legs,  especially  felt  on  waking 
from  sleep ;  afterwards  the  legs,  when  extended,  become  distinctly 
stiff,  although  they  may  be  quite  supple  when  flexed-     If  gradually 

•  In  cons4?quence  of  the  occurrence  of  this  inflammation  in  the  lower  part  of  the 
cord  having  be«n  overlooked,  it  hns  been  tboaght  that  a  transverse  lesioa  higher  ap 
has  the  power  of  abolishing  r>  dox  action  bel  >w,  where  the  cord  is  not  damaged 
except  by  descending  degeneration.  See,  however,  p.  272,  note.  In  one  case,  bow- 
ever,  described  br  Bruns  ('Arch.  f.  Psjchiatrie,*  voU  xxt),  the  knee-jerk  wasabaent 
although  the  grer  matter  was  found  to  l>e  unaltered.  There  waa  abolitloa  ot 
faradic  Lrritabilitj  in  the  legs  ascribed  to  oedema. 
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extended,  when  near  full  extension  the  spasm  suddenly  comes  on  and 
completes  the  movement,  as  the  blade  of  a  pockel  knife  moves  under 
the  influence  of  the  spring.  Hence  this  has  been  termed  "clasp- 
knife  rigidity."  intimately  the  extensor  apasm  may  be  so  great  t}iat, 
when  it  occurB^  both  legs  are  rigid,  and  are  so  firmly  connected  with 
the  pelvis  that  if  one  is  lifted  from  the  bed  the  other  is  moved  also. 
This  is  only  met  with  in  organic  disease,  and  is  an  important 
diagnostic  indication.  Paroxysms  of  spasm  may  be  brought  on  by 
any  impreaaion  on  the  sensory  nerves,  a  prick  on  the  skin,  or  an 
attempt  to  oliiain  the  clonus.  The  extreme  spasm  prevents  any 
clonus  being  obtained,  and  it  may  be  necessary  to  flex  the  limb  before 
an  attempt  to  obtain  it  is  successful.  As  violent  spasm  is  passing 
off,  moreover,  the  tension  of  the  muscles  may  alone  set  up  a  clonus, 
8o  that  tho  paroxysm  of  tonic  spasm  passes  into  clonic  sftasra,  a 
phenomenon  that  was  termed  by  Brown- St'quard  '*  spinal  epilepsy,** 
on  account  of  the  superficial  reaemblauce  to  the  sequence  of  spasm  in 
an  epileptic  fit.  Thia  clonic  spasm  may  often  be  arretted  by  any 
strong  painful  impression  on  the  sensory  nerves,  a  pinch  of  the  skin, 
or  painful  fli^xion  of  the  big  toe;  the  strong  stimulation  of  the  uervi's 
of  common  sensation  inhibits  the  reflex  centre  concerned  in  the  clonus. 
There  is  always  much  weakness  of  the  legs  when  there  is  much  spasm, 
and  there  may  be  almost  complete  paralysis.  Hence  the  condition 
has  been  termed  "  spastic  paraplogia.'*  It  is  probable  that  the  central 
reflex  mechanisms  c^mcerned  in  tho  production  of  this  extensor  spasm 
are  those  that  subsen^e  the  act  of  standing  The  spasm  often  enables 
a  paraplegic  patient  to  stand,  when  his  voluntary  power  is  quite 
insufficient  for  the  act.  In  advanced  cases  the  extensor  spasm  may  be 
varied  by  attacks  of  flexor  spasm,  which  at  first  come  on  chieflv 
during  sleep,  but  after  a  time  preponderate,  and  may  ultimately  be 
permanent ;  this  is  always  an  unfavorable  symptom,  since,  for  some 
reason  not  yet  understood,  this  flexor  spaBm.  indicates  a  condition  of 
the  spinal  cord  from  which  recovery  is  rare. 

Taso-motoe  akd  Tbofhic  Distuebance. — Changes  in  Nutrttion.— 
CJonsiderable  wasting  of  the  wuscleji  indicates  disease  of  the  motor 
nerve-cells,  or  of  the  nerve-fibrea  proceeding  ft-om  these  cells.  If  the 
disease  ia  acute  there  is  rapid  degeneration  of  the  nerves,  with  the 
reaction  of  degeneration  in  the  muscles  (see  p.  71).  The  wasting  in 
these  cases  is  always  great,  and  there  is  always  loss  of  reflex  action. 
Occasionally  some  fibres  of  the  nerve  and  muecle  suffer  and  others  do 
not,  causing  the  *'  middle"  or  "  mixed  "  form  of  reaction  (see  p.  32), 
In  rare  cases,  in  which  the  nerve  degeneration  set  up  ia  of  an  intensely 
irritative  character,  the  muscles  may  rapidly  lose  all  irriljiliility  in 
consequence  of  true  degeneration  of  the  fibres.  I  have  observed 
this,  for  instance,  in  a  growth  in  the  lumbar  region.  In  other  cases 
of  disease,  however,  there  is  a  slighter  degree  of  wasting  of  the 
muscles;  there  is  no  loss  of  irritability  in  the  nerves;  the  irrita- 
bility may  be  sbghtly  increased  or  lessened,  but  is  changed  in  the 
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8ame  waj  to  each  form  of  olectricitj.  In  thiB  oondition  reflex  actioD 
is  not  lost,  but,  on  ibe  contrary,  is  often  increased.  The  chaogv  i» 
apparentlj  the  resnlt  of  a  pecuhar  alteration  in  the  nutrition  of  tlM 
nerve-ct-lb.  It  is  usually  the  effect  of  an  irritative  degenemtitm  of  tte 
pyramidal  fibres,  which  InHuenceB  in  a  peculiar  manner  the  oiiftntm 
of  the  motor  cells. 

The  changes  in  the  nutrition  of  the  skin,  if  slight  and  ehronle, 
rt'semble  those  produced  by  disease  of  the  nerves  (see  p.  79),  and  art? 
probably  produced  through  the  agency  of  the  posterior  roots.  Per- 
forating ulcer  and  the  trophic  disease  of  joint  known  as  '•  Chareot's 
joint "  are  met  with  especially  in  tabes.  They  also  occur  in  rrringt^- 
myelia.  Sometimes,  however,  these  changes  are  most  acute.  V«y 
slight  preBsure,  continued  for  a  few  hours,  causes  vesication,  and  efVft 
sloughiDg  of  the  skin.  Sometimes  bullae  form  where  there  has  beta 
no  pressure,  OccasionaUy  there  is  intlammation  of  the  joiate.  80^ 
intense  changes  are  only  met  with  wheu  the  morbid  prooeea  in  ih» 
cord  is  irritative  in  its  character,  especially  in  ha-tnorrhage,  and  m 
spreading  or  dismr-niinated  myehtis.  The  points  on  which  sloughing 
occurs  with  greatest  readiness  are  the  heel,  07er  the  maUeoU,  the 
trochanters,  and  the  sacrum.  The  position  of  the  bedsores  in  para- 
plegia, usually  over  the  sacrum,  is  different  from  that  in  hemiplegia* 
generally  over  the  gluteal  region  on  the  paralysed  side.  The  tendency 
to  trophic  disturbance  probably  favours  the  occurrence  of  cyatitta  front 
retention  of  urioe,  and  the  readiness  with  which  the  inflammalieii 
invades  the  kidneys.  I  have  seen  a  low  form  of  suppurating  subperi- 
toneal {H/Ivic  nellulitis,  in  a  case  of  disseminated  myelitis  with  cutaneous 
sloughs,  in  which  no  other  cause  for  the  celluhtis  could  be  found. 

Vaso-motor  di^iHrhance  is  common  in  slight  degree^  irrespectiTe  of 
the  seat  of  the  disease,  but,  like  the  trophic  changes,  which  probably 
depend  in  stime  degree  upon  it,  it  is  always  most  intense  in  irritatiTV 
lesions  of  the  cord.  The  slighter  and  c^juimon  degree  oonsisie  merely 
in  increased  warmth  of  the  limbs,  in  which  the  Tt'Ssela  dilate  too 
readily ;  while^  at  a  later  period,  the  limbs  are  colder,  paler,  and  often 
hvid  at  the  extremities.  In  rare  cases  intense  flushing  of  the  skin  has 
been  observed,  or  co(>iouB  and  long-continued  perspiration.  Whea 
the  disease  is  in  the  lower  cervical  region,  flushing  and  pervptration 
may  occur  on  the  face  and  head. 

Disease  of  the  cerTical  cord  or  nervea  is  sometimes  attended  by  a 
ehiinge  in  the  pupil,  on  one  side  only.  It  is  due  to  the  fact  that  the 
dilator  is  innervated  from  the  cervical  8>Tupathetic  through  the  la«t 
cervical  nerves.  There  may  be  contraction,  from  pajulysis  of  the^- 
radiating  fibres,  or  there  may  be  persistent  dilatation  from  their  irntu 
tioQ.  There  may  also  be  narrowing  or  enlargement  of  the  palpebral 
fissure  fnim  the  same  cause.  The  cause  of  the  double  myosin  *^ 
common  in  some  degenerative  diseases  of  the  cord,  is  unerrttiin ;  it  b 
associated  with  loss  of  the  light-reflex,  and  also  oi  the  lellex  dilatalMA 
produced  by  stimulating  the  skin  of  the  neck. 
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i&ttcf  or  tn©  nwirtVftction  is  of  tan  pirman^ntty  increased 

loeomotor  ataxy,  but  we  do  not  know  by  what  inechauism.     In 

of  the  cervical  cord  (perhaps  also  in  tliat  of  the  cervical  nerve- 

0  the  heart  may  be  slowed  to  forty,  thirty,  or  twenty  beats  per 

lie*  usually  only  for  a  time.     This  is  frequently  met  with   in 

dislocation  in  this  region.     The  eff»H^t  may  pt^rhaps  be  due  to 

hlomoi  the  influence  of  the  nerves  which,  when  atiinulated,  quicken 

ths  Iteari.     In  acute  disease  of  the  upper  dorsal  region  the  heart'd 

Mtba  nmj  be  persistently  frequent. 

Vimtnd  DiMiifhance. — Various  disturbances  in  the  alimentary  canal 

oecur  in  disease  of  the  spinal  cord,  and  are  no  doubt  due  to  the  fact 

thait  the  sympathetic   nerves   immediately  controlling  the  canal  are 

the  influenoe  of  the  cord,  and  may  be  excited  to  abnormal 

by  its  irritatioQ,  or  may  underact  when  its  influence  is  lessened. 

Difleulty  of  deglutition  is  observed  in  some  cases  of  acute  disease  of 

the  upper  cervical  region.     Yomitiug  occurs  also  in   dint^ase  of  the 

mme  pikri.  especially  in  fracture  of  the  cervical  verteb^-s^,     Constipa- 

is  extiemely  common  in  disease  of  the  cord  above  the  lumbar 

It.     The  "gd«tric  and  laryngeal  crises'^  of  tabes  are  espe- 

mBj  froquent  in  cases  in  which  the  disease  is  situated  high  up  in  the 

Kd*     When  rectum  and  bladder  are  affected,  the  disease  must  be 
Panolfifif  o/  i^s  Sphinders. — Incontinence  of  urine  and  fsec-eft  may 
due  to  disease  of  the  centres  that  control  the  action  of  the  sphiuctei 
I  ttld  the  must-viiar  mechanism  of  the  bkdder  re»*pectiTely,  or  it 
any  be  due  merely  to  disease  of  the  path  (probably  the  pyramiiial 
tiAci}  through  which  voluntary  control  is  exerted.     In  the  latter  case 
the  cphiaeter  ani  acts  in  an  automatic  reflex  manner,  as  alrearly  ex- 
fklaiited.     If  the  finger  is  introduced  within  it,  the  initial  relaxation  is 
Csb  to  be  succeeded  by  a  firm  tonic  contraction.     This  proves  that  the 
iaal  centre  in  the  lumbar  enlargement,  and  the  nerves  proc<*eding  from 
H,  M«  ttilaet.     If  this  centre  is  destroyed,  or  the  nerves  intemi|ited, 
no  tonie  contraction  can  be  felt;  there  is  complete  and  yiersi stent 
wltirtfin       I  have  more  than  once  observed  a  dorsal  transverse 
n^yililin  armt  the  voluntary   influence  and  leave  the  sphincter  in 
ite  QOBdili«)n  of  simple  reflex  action.  and»  a  week  or  ten  days  later,  the 
oUnaion  of  the  myelitis  into  the  lumbar  region,  to  be  attend eii  by 
(■noBg  other  signs)    perfect  inaction   of  the   sphincter.     A  rectal 
rmniBntion  will  then  oft«<n  give  important  information  regarding  the 
of  the  disease  downwiu-ds. 
The  sphincter   of    the   bladder  is  not  accessible  to  such    direct 
inaiton,  and  the  mechanism  seems  to  be  more  complex,  but  we 
iii«jb  conditions  corresponding  to  those  of  the  rectum.     If" 
eentrs  is  destroyed  the  sphincter  is  permanently  relaxed; 
oat  of  the  bladder  as  fast  as  it  enters  it;  there  is 
pis  iDeoDtinenoe.     If  there  is  an  interruption  of  the  volimtarv 
pftth  above  the  centri\  the  sphincter  may  act  automatically :  when  a 


268 


SPINA  L    COfiD, 


oertsdn  amotint  of  iiriiie  has  collected  in  tlie  "bladder  it  excite*  the 
muscular  fibres  in  the  wall  to  contract;  the  sphincter  relaxes,  and  the 
urine  escapes, — ^there  is  intermit t-ent  incontinence.  In  this  condition 
the  mechanism  is  excited  to  action  by  any  pressure  on  the  bladder; 
a  m^ovement,  or  the  ;i  :t  of  coughing,  will  make  the  uriBe  come  awav. 
But  the  muscle  of  the  wall  of  the  bladder  is  in^lirectly  under  the 
influence  of  the  will ;  when  the  s]:>hincter  is  voluntarily  relaxed  the 
detrusor  fibres  in  the  wall  contract.  Loss  of  voluntary  power  seema 
to  lead  to  weakness  in  rhe  wall  of  the  bladder,  so  that  <he  bladder  is 
never  perfectly  emptifrl,  and  ultimately  the  detrusor  cannot  contract 
to  expel  the  urine,  even  when  the  sphincter  is  relaxed.  Hence  reten- 
tion of  urine  occurs.  When  a  certain  degree  of  disteusion  of  the 
bladder  is  attained,  the  pressure  becomes  sufficient  to  force  the  urine 
out  whenever  the  sphincter  relaxes,  and  such  relaxation  is  continually 
occurring  under  the  high  pressure  that  is  rep<.nit(Hlly  renewed  in 
consequence  of  the  flow  from  the  kidnfiys.  Hence  incontinence 
results, — "overflow  incontinence"  (see  p.  247).  The  retention  often 
develops  very  ^^radually  and  insidiously  when  the  voluntaiy  power  is 
only  lessened  ;  the  residual  urine  is  at  first  email  in  amount,  but 
gradually  increases  as  the  detrusor  fails  to  contract  adequately  against 
the  resistance.  It  is  important,  if  the  urine  comes  away  iiiToluntarily, 
to  ascertain  which  form  of  incontineuce  exists ;  since  overflow  incon- 
tinence,  and  the  retention  it  indicates,  have  nanch  graver  consequences 
than  simple  incontint-uw.  The  permanent  distension  of  the  bladder 
constitutes  a  permaueut  hindrance  to  the  flow  of  urine  from  the 
kidneys,  and  serious  kiiluey  disease  may  result.  This  is  a  not  uncom- 
mon cause  of  death  in  spinal  disease.  Moreover,  whenever  the 
bladder  ia  habitually  emptied  imperfectly,  decomposition  is  apt  to 
occur  in  the  residual  uriue.  The  decomposition  is  often  aided  by  the 
lessened  acidity,  or  even  actual  alkalinity;  of  the  urine.  This  change 
in  the  composition  of  the  urine  excites  inflammation  of  the  bladder; 
pus  is  formed  by  the  mucous  membrane,  and  this,  in  its  turn, 
increases  the  decomposition  of  the  urine.  The  damage  to  the  kidneys, 
by  the  hindrance  to  the  flow  of  urine  from  them,  may  be  increased  by 
inflammatioa  ascending  the  ureters  from  the  bladder. 

Pijrcxia. — The  initial  elevation  of  temperature  in  some  spinal 
lesions  may  be  due  to  them  directly,  but  sometimes  it  is  due  to  a 
bkM>d-sta*e  of  which  the  cord  disease  ia  a  result.  This  ia  probably  the 
case  in  polio-myelitis.  The  temperature  is  sometimes  raised  in  dis- 
oase  of  the  cord  apart  from  the  influence  of  morbid  process.  Disease 
of  the  upper  cervical  cord,  like  that  of  the  medulla,  may  cause  hyper- 
pyrexia«  and  this  may  also  result  from  acute  central  lesious  that 
occupy  a  considerable  vertical  extent,  such  as  a  central  haemorrhage, 
although  by  what  mechanism  these  act  we  do  not  know.  Slight 
variable  elevation  of  tem|M?rature  sometimes  occurs  in  disease  of  the 
dorwal  eord«  and  is  probably  due,  in  some  way,  to  thp  disturbance  of 
its  funciiouM  rather  than  to  any  influence  of  the  morbid  process.     For 


SYMPTOMS. 


269 


instance,  in  one  case  of  haBmorrhag-ic  myelitis  with  damage  from  the 
third  doraal  to  the  second  lumbar  segments,  every  application  of 
electricity  to  the  legs  was  followed  by  slight  pyrexia, 

C<mvuUion«. — ^ Lastly,  convideive  attacks  have  been  known  to  attend 
the  onset  of  acute  lesions  in  various  parts  of  the  cord,  in  adults  as 
well  as  in  children.  They  are  most  frequent  in  disease  of  the  cerviciil 
cord,  but  I  hare  known  a  convulsion  to  occur  in  an  adult  at  the  onset 
of  rayelitia  in  the  lower  dorsal  region.  The  convulsions  are  general. 
Their  mechanism  is  ujaknown,  and  in  some  cases^  espet^ially  of  Infan- 
tile polio-mjeiitis^  they  may,  like  the  initial  pyreria,  be  the  result  of 
gen^id  disturbance  of  the  system  by  an  acute  morbid  blood'State. 

Optic  neuritu  has  been  met  with,  e^specially  in  connection  with 
disease  in  the  cervical  region  of  the  cord,  and  in  cases  in  which  careful 
examination  of  the  brain  poat  mortem  f aOed  to  reveal  any  cerebral 
disease. 

CoMBisATroN  OP  SYMPTOMS,— Certain  symptoms  are  frequently 
combined,  and  their  combination  has  a  definite  localising  significance. 
Loss  of  motor  power  occurs  in  two  diflierent  associations,  according  to 
the  position  of  its  cause  in  the  motor  path.  It  may  be  combined 
with  muscular  wasting,  loss  of  electric  irritability,  and  loss  of  all 
i-eflex  action.     In  this  case  the  disease  is  in  the  anterior  comua  or 

>rve-roots,  the  lower  segment  of  the  motor  path.  (But  the  same 
nu^ttoms  are  produced  by  disease  of  the  nerves  tht-mselves — in 
mtdtiple  neuritis.)  On  the  other  hand,  there  may  be  no  wasting,  no 
change  in  irritability,  and,  instead  of  a  loss  of  reflex  action,  the  myo- 
tatic  irritability  is  increased.  The  interruption  of  the  motor  path  is 
then  in  the  upper  segment,  usually  in  the  iiyramidal  tracts.  It  may 
be  a  focal  lesion  of  the  cord,  or  a  primary  degeneration  of  the  tracts. 
The  distinction  is  that,  in  the  latter  case,  there  is  nothing  more  thau 
the  muscular  weakness  and  increased  myotatic  irritability.  In  the 
former  case  there  are,  or  have  been,  indications  that  tJie  lesion  has 
extended  beyond  the  purely  motor  elements. 

The  symptoms  caused  by  disease  of  the  several  elements  of  the  cord 
have  now  been  described,  but  it  ia  necessary  to  consider  further  the 
c<jmbination  of  symptoms  tlmt  results  from  a  total  transverse  lesion  of 
the  cord,  and  from  &  unilati-ral  lesion, 

A  tottil  transverse  lesion,  however  limited  in  vertical  extent,  fie|>a- 
rates  from  the  brain  all  parts  below  it,  and  hence,  ao  far  as  will  and 
feeling  are  concerned,  it  produces  the  same  effect  a^  if  the  whole  of 
the  cord  below  the  lesion  were  destroyed.  Compression  of  the  cord  in 
the  middle  of  the  cervical  enlargement,  for  instance,  abolishes  motion 
and  sensation  in  all  parts  below  the  distribution  of  the  cervical  plexus, 
A  transverse  lesion  at  the  second  dorsal  nerve  causes  motor  and 
sensory  palsy  of  the  trunk  and  legs,  leaving  the  arms  unaffected.  But 
the  same  loss,  motor  and  sensory,  results  from  diseasii  which  damages 
the  whole  cord  up  to  the  level  indicated.  Hence  the  extent  of  the 
motor  and  sensory  paralysis  iiidiciites  only  tlie  upward  limit  of  the 
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lesion;  how  far  it  eztCTdB  downwardB  is  shown  by  the  interference 
with  the  central  and  eap^iallj  the  reflex  functions  of  the  cord.  The 
upward  level  ia  indicated  not  onlj  hj  the  loss  of  conduction,  but  also 
by  the  position  of  the  girdle-pain  and  radiating  jjaiiis,  or  zone  of 
hypei'sesthesia,  which  are  due  to  the  irritation  of  the  lowest  BkHiBory 
nerves  in  the  upper  portion. 

It  is  desirable  to  know  the  symptoms  of  impaired  conduction  that 
occur  when  a  transverse  lesion  is  at  different  levels  in  the  spinal  oord« 
They  may  readily  be  ascertained  by  an  examination  of  the  table  and 
fibres  given  at  pp.  250 — 252.  There  is,  however,  some  uncertainty  as 
to  the  effect  on  eciriUion  in  the  limbs  produced  by  disease  at  different 
parts  of  the  lumbar  and  cervical  eular^'ementst  ^iiiL-e,  as  we  have  seen. 
the  exact  representation  of  eenaatiou  in  the  cord  is  still  uncertain. 

The  upper  bmit  of  the  losion  is  shown  by  the  upward  extent  of  the 
motor  and  sensory  loss.  Tlio  lowest  nerves  supfily  the  anus  and  peri- 
nsum.  Those  that  supply  the  skin  ujitl  muscles  of  the  leg  and  foot 
arise  from  the  fourth  lumbar  to  the  second  sacral  segments,  and  are 
damaged  by  a  lesion  involving  the  lower  part  of  the  lumbar  enlarge- 
ment.  In  the  middle  of  the  lumbar  enlargement  the  nerves  arise 
which  enter  the  lumbo- sacral  cord^  and  these  are  probably  destined 
for  the  flexors  of  the  knee,  and  for  the  hip  muscles  supplied  by  the 
sacral  plexus,  the  glutei,  quadmtus,  and  gemelli,  and  for  the  skin  of 
the  lower  part  of  the  gluteal  region.  These  parts  then  will  be  para- 
lysed by  disease  in  the  middle  of  the  luralxir  enlargement,  while 
the  muscles  and  skin  in  front  of  the  thigh  are  unaffe<-ted.  The 
latter  suffer  when  the  disease  affects  the  upper  part  of  the  lumbar 
enlargement,  the  origin  of  the  anterior  crural  (rectus,  Ac.),  and 
obturator  (adductors).  The  skin  on  the  upper  and  out^r  parts  of 
the  thigh  loses  sensibility,  with  the  part  adjacent  to  the  scrotum, 
and  in  the  groin,  only  when  the  disease  damages  the  highest  part 
of  the  lumbar  enlai*gement,  from  which  the  second  and  third  lumbar 
nerves  arise,  and  then  the  flexors  of  the  hip  become  paralysed,  lu 
proportion  as  the  disease  is  higher  in  the  dorsal  region  we  have  the 
symptoms  ascending  higher  up  the  trunk,  and  marking  accurately  the 
height  of  the  lesion  by  the  loss  of  cutaneous  sensibility,  and  by  the 
impairment,  first  of  the  abdominal  musclefi,  and  then  of  the  in- 
tercostal muscles.  The  umbilicus  corresponds  to  the  tenth  dorsal 
nerves,  and  the  ensiform  area  to  the  sixth  and  seventh.  When  the 
disease  reaches  the  lowest  part  of  tbe  cervical  enlargement  (the  firsi 
dorsal  nerves)  we  have  the  first  symptoms  in  the  upper  extremity  , 
but  these  are  not,  as  might  be  expected,  in  the  muscles  moving  the 
shoulder-joint,  bat  in  the  hand.  The  first  numbness  is  complained  of 
in  the  little  finger,  and  the  first  weaknees  is  in  the  intrinsic  muscles  ol 
the  liand.  Ascending  higher,  the  symptoms  pass  up  the  arm  with 
some  uniformity,  and  without  respect  to  nerve  distribution.  When 
the  middle  of  the  cervical  enlargement  is  reached  (the  fifth,  sixth,  and 
seventh  cervical)  the  slioulder  muscles  and  the  serratus  maguua  be- 
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com©  paralysed,  and  ih^re  is  general  Insa  of  power  and  sensation.  (For 
details  see  table,  p.  252,  and  also  pp.  260  and  251.)  Above  the  level  oi 
the  sixth  pair  the  trapezius  and  Btemo-miistoid  become  Bomewhat 
weakened,  for  the  fibres  of  the  spinal  accessory  which  sujtplj  them  un- 
doixbte<lly  arise  in  part  from  this  region  of  the  cord.  At  the  fourth 
and  fifth  cervical  the  lower  port  of  the  neck  becomes  anBesthetic,  and 
the  diaphragm  ceases  to  act.  Here  our  l<>calisatiDn  might  oease,  for 
totiil  transverse  lesions  at  this  spot  necessarily  cause  death.  For  a 
little  time  the  sterno' mastoids  and  scaleni  can  still  get  some  air  into 
the  chest,  rarely  in  suffirient  amount  to  maintain  life  for  more  than  a 
few  days.  But  limited  lesions  may  occur  higher  up,  and  then  we  have 
complete  powerleesnesa  of  the  muscles  moving  the  head,  upper  part  of 
trapezixis  and  sterno- mastoid,  and  other  muscles  att-ached  to  the 
occipital  bone,  and  interference  with  sensation  in  the  neck  and  parts 
€f  the  head,  which  are  not  supplied  by  the  fifth  nerve. 

The  extent  downwards  of  the  lesion,  its  verticiil  extent,  is  thus  not 
indicated  by  the  impairment  of  the  conducting  functions,  by  the  motor 
or  sensory  paralysis ;  to  ascertain  it  wo  have  to  examine  the  fimctiona 
of  the  cord  as  a  central  organ,  and  to  ascertain  how  far  they  are 
impaired  in  the  paralysed  region — to  examine  espet^ially  muscular 
nutrition  and  reflex  action.  The  state  of  muscular  nutrition  and 
irritability  indicates  how  far  the  anterior  cornua  are  injured-  The 
relation  of  the  several  groups  of  muscles  to  the  cord  is  shown  in  the 
first  ccJumn  of  the  table.  The  integrity  of  refles  uetion  indicates  the 
integrity  of  the  reflex  loopa,  and  the  study  of  the  superficial  reflexes  of 
the  trunk  is  espc^cially  instmctive  in  this  respect.  The  serisB  of  reflexes, 
and  the  relation  of  each  to  the  cord,  are  shown  in  the  second  column 
of  the  table ;  the  musrlc-rcilex  contractions  are  printed  in  italics  in  the 
position  which  con-esi-tunds  to  the  centres  and  nerve-roots  which  are 
eaBentialfor  theb  production.  Excess  of  superficial  i-eflex  action  indi- 
cates loss  of  the  cerebral  control  exerted  on  the  reflex  centres,  and  con- 
eidenible  excess  of  the  muscle-reflexes  implies  impaired  function  of  the 
lowest  part  of  the  pyramidal  tracla,  and  generally  shows  the  existence 
of  a  descending  degeneration  in  the  lateral  columns,  Keflex  action 
in  the  legs  may  be  abohshed  for  a  few  hours  by  acute  disease  or 
injury  above  the  lumbar  enlargement,  in  consequence  of  inhibitoiy 
shock,  but  soon  returns  if  the  lumbar  centres  are  intact.  As  already 
explained  {p.  264),  if  there  is  no  return  of  reflex  action  or  myotatic 
irritability,  their  absence  shows  that  the  lumbar  region  is  involved  in 
t  lie  primary  lesion  ;  secondary  extension  to  this  is  indicated  by  loss  of 
reflex  action  distinctly  subeoquent  to  ihe  onset.  If  such  loss  occurs 
without  wasting  and  loss  of  farjidic  irrita,bility  in  the  muRcles,  it 
shows  that  the  dist*ase  in  the  lumbar  region  is  limited  to  the  posterior 
colnmnB  or  comua,* 

*  A  few  CBies  h&re  bei^n  mefc  with  in  which  «  trftnsverse  leaioD  of  the  donal 
cord,  €'»pfcinlly  n  transwr-ie  concussion- myelitis,  without:  pont^iuortem  nigna  of 
iDixthnr  inflftiiiinationy  \iaa  c&used  a  persisteat  lou  of  reflex  action  fo  the  legii*    In 


72 


BPINAL   CURD, 


The  fact  of  chief  importance  is  that  dorsal  cord  disease,  the  inoft 
common  form,  causes  no  persistent  loss  of  reflex  action  in  tbft  l^t. 
and  that  for  such  loss  special  causea  must  be  sought. 

Unil^tieial  lestot^  interrupt  the  motor  path  to  the  mu«cli»«  on  the 
aame  side  as  the  lesion,  causing  one-sided  paltjy.  t*'rT»t*d  •*  spinal  bemi- 
plegia"  when  the  disease  is  so  high  as  to  affect  both  arm  and  kg« 
"hemipamplegia"  when  it  is  lower,  and  affects  one  leg  onljr.      Hmw 
is  often  some  loss  of  power  on  the  opposite  side,  which  may  be  due 
either  to  slighter  damage  to  the  other  side  of  the  cord  (since  fpw 
lesions  are  strictly  unilateral)  or  to  damage  to  non-decussating  fibres- 
Con  verselj,  the  paralysis  of  the  leg  may  be  incomplete  when  that  of  the 
arm  is  complete,  owing  to  the  escape  of  the  fibres  for  the  1^  which 
cross  lower  down  the  cord.     Sensation  iB  a£fect<^  on  the  opposite  side, 
but  not  quite  up  to  the  level  of  the  lesion,  because  the  decussation  of 
the  sensory  tract  is  not  immediate,  but  occurs  somewhat  above  the 
entrance  of  the  nerves.     The  uppK?r  level  may  Tary  for  difterent  forms 
of  sensibility,  in  consequence  probably  of  the  level  of  crossing  (in  rela.- 
tion  to  entrance)  being  dilTei-ent  fur  the  several  paths.      A  lesion  in 
one  side  of  the  lumbar  enlargement  often  affects  sentation  on  the 
same  side  as  motion,  because  it  damages  the  sensory  path  *  before  it 
has  crossed*      In  all  cases  of  crossed  motor  and  sensory  paralysis  the 
sensibility  of  the  muscles  differs  from  the  other  forms  of  sensibihtj; 
and  if  it  is  affected  on  one  side,  this  is  the  side  of  the  motor  palsy,  and 
not  of  the  cutaneous  ansesthesia.* 

The  crossed  affection  of  cutajieous  sensibility  may  involve  all  tomf 
of  sensation  or  only  some  of  them.     Sensibility  to  pain  is  almost  in- 

theM  catpi,  however,  there  ha«  been  not  only  loaa  of  the  mutde-refli-x  action,  but  aUo 
of  the  akin  rellcxee,a  dear  indioi  tion  of  ao  exceptional  condition.    Moreover  there  bee 
idao  in  other  cwei  been  loia  of  fanulio  irrilnbUity  *nd  rapid  iniucnUr  waatin|?,'-iA 
•hortj  there  have  been  all  the  indicationa  of  a  lambsr  m  jelitis.     The  moat  proteble  , 
explitiiation  of  tb<>8e  caiei  is  that  the  deacendin|p  degoneration  of  the  [ij  msrtisl 
tract  haA  been  more  th»n  uiaally  irritative  in  natare^  so  sa  practicnllj  to  MBoalta 
a  parenchymatous  inflummMtiou,  and  that  this  has  invadrd  the  motor  etraefeorw  ■* 
a  outrltional  change,  tutficieot  to  abolish  their  fu«*<iM:.i»,  iwilhorit.  however,  4catniT. 
iatr  their  form.     In  one  aucb  case  it  was  noted  that  the  luuibar  nrrre 
were  extremely  grsnular  in  Mpect.     For  a  differpnt  rip)aiii»tion  of  tbe*« 
»»«tiftn»  •Med,.Chtr.  Trans./  1890;   Hruiii.  *  NeumK  Cfntralb./  1895.  aa4 
t  P«ycb./  xxs  }  and  Egger.  •  Arch.  f.  PavcbinL/  «vii  •  see  also  note,  p,  S64. 
waj;  fln^  pointed  out  by  Brown-S<^ii»«rd  in  hia  important  sto^iy 
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ScepticUm  has  been  expressed  as  u?  tlie  tact,  ba^ed  on  a  detstAl  thai  the 
•«  coinmouiy  employed*  recognition  of  potture,  U  siKniaeani.  Kx|)«iHitif^tt  mo 
*^»«»la,  ev*-!,  uionkeyi,  are  luconclu*ive,  but  the  evidence  from  cMea  in  man  Is  w> 
^"g.  tiot  only  of  the  occurrenee  of  the  lot*,  hut  of  the  significance  of  ihm  teat*  la 
in^*  *^*^*.  monoyer.  the  muaclfe  were  inntniltlve  to  fMrw^iire*  On*  smdi^U 
*Ur,ce  is  the  foUowinR  :-A  sUb  in  the  dortal  reffton  otnaed  loaa  Of  cutmatom  aw 
"'*'^*'y  In  the  right  Ux  and  motor  pal»y  >«  the  left-     On  tl,e  lelt  aide,  on  wbieb 


^aa 


nsibllity  was  normal,  the  •«•«••  of  posture  was  ahaolntely  lo*t,  while  it 
present  on  the  right  aide,  on  which  cutaneoos  sensibility  was  impairvd.     The 
wiei.t  oft^,^  thought  the  bf  t  \o«  H  a*  fl.xctl  when  It  was  extended.     Ultimately  Uib 
•»  l>re^uteii  disUnet  aUiy.    (Uilbert, '  Arch,  de  K^vrologie/  196$,  p.  t».) 
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vmriabl^  impaired.  The  temperature  senBe  is  usuaHj  affected  with 
t3iat  far  pain;  in  only  two  of  twent?  recorded  cases  (in  which  the 
attBctioin  of  sensibility  was  carefoUj  noted)  was  the  sense  of  tenipera- 
tere  normal,  and  that  oi  pain  impaired,  and  In  neither  of  these  cases 
was  the  sensibility  to  pain  actual]  j  lost.  On  the  other  hand,  in  one 
third  of  the  eases  tactile  sensibilitj  was  nnaitected,  and  in  about  one 
taitli  ol  the  cases  it  was  impaired  on  both  sides. 

Cttlaneaus  sensibility  is  sometimes  impaired  in  a  zone  at  the  level 
of  atm  ledon«  and  on  the  same  side,  in  con8e<juence  of  the  dam^Lge  to 
die  JieiTd>roots  entering  the  cord,  and  above  this  there  may  be  a 
BaiTow  band  of  hypersesthesia  from  irritation  of  the  roots  at  the 
upper  part  of  the  lesion.  On  the  side  of  the  lesion,  below  the  ansBs- 
tbetic  sooe,  there  is^  in  most  cases,  a  remarkable  hypersesthesia,  corre- 
tponding  in  distribution  with  the  ancesthesia  on  the  opposite  side. 
Pamful  irapreuions  are  felt  most  acutely,  and  even  a  touch  on  the 
skin,  or  warm  or  cold  bodies,  produce  paia.  The  cause  of  this 
hypenestlieBia  is  obscure.  Both  it  and  the  opposite  loss  of  sensibility 
naj  kit  for  twenty  years,  and  it  cannot  be  ascribed  therefore  to  any 
by  the  morbid  process.  It  is  perhaps  due  to  an  altered 
of  the  cerebral  centres  on  the  opposite  side  of  the  brain. 
ia  much  evidence  of  an  intimate  connection  between  the  sensory 
m  on  the  two  sides,  and  it  is  conceivable  that  the  altered  func- 
I  itateof  the  centre  on  the  side  of  the  lesion,  to  which  impressions 
to  oome,  may  induce  in  the  opposite  hemisphere  a  condition 
as  hrpc'raesthesia.  The  condition  may  be  thought  of  in 
to  the  peculiar  phenomeaa  of  transfer  in  hysterical  hemi- 


is  increased  in  all  its  forms  on  the  side  of  the  lesion, 
tho  iwamte  only  occurs  after  some  days.     At  first  it  is  lessened  or 
I  abolished,  no  doubt  from  the  inhibitoiy  influence  of  the  irritation 
of  the  morbid  process. 
Hm  aide  below  the  lesion  is  at  first,  for  some  days  or  even  weeks, 
than  the  other,  the  difference  being  usually  about  a  degree 
In  the  coarse  of  time  this  difference  passes  away,  and 
tho  dde  may  eren  be  colder  than  the  other. 

^mptoms  may  be  shown  in  the  form  of  a  table  t 


MuseuUr  power  oormal. 
Lom  v(  teniibilitj  of  »kiiu 
Muscular  Miite  oormftL 
Reflex  ftctioii  normal. 

Temp«r»tare  Mm«  ss  tiial 
above  Iralao* 


18 
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The  Tertieal  distribution  of  ihe  ajmptoms  varies  a<>coridiiig  to  tLe 
Tertical  position  of  the  kaion.  Their  rektiont  are  best  mjiirked  wh^B 
the  lesion  is  in  the  dorsal  region  of  the  spinal  cord.  When  it  ia  ia 
the  cexrical  or  lumbar  enlaj'gement  the  iipper  limit  is  leas  distinct 
because  of  the  oomplex  T^pt^efientaUoii  of  %km  aad  muscle  in  the 
nerye-TOota. 


OBNJSEJZ  FATROLOQYAKD  ETIOLO&Y.'  HTDrCATIO^S  OF  TBB 
NATURE  OF  TEE  LSSIOS:  PATMOLOQWAL  DIA&NQSI8, 

The  kindi  of  disease  to  which  the  apinal  cord  is  liable  are  not 
speoificallj  numerous,  but  those  which  are  common  present  eeveral 
yarieties.  The  proeeaaee  are  cong^stian  and  anaemia,  heemorrha^. 
inflammation,  degeneration,  and  growths.  Effianorrhage  and  growths 
are,  on  the  whole,  rare.  Congestion  plays  an  uncertain  part  in  the 
production  of  symptoms ;  its  influence  has  been  certainly  oirerrated 
by  some  writers,  and  perhaps  under-estimated  by  others.  Ansnnia 
is  now  known  to  be  aometimes  associated  with  certain  definite 
changes  in  the  spinal  cord*  and  it  is  possible  that  it  may  oc<5a- 
sionally  giye  rise  to  symptoms  without  producing  gross  disease.  The 
most  frequent  lesions  are  inflammation  and  d^genia ration*  These  two 
processes,  distinct  in  their  typical  forms*  blend  in  their  intermediate 
yarieties.  Inftammation  yarie^  much  in  charact^ir  and  course^  Its 
effects  are  in  some  cases  produeed  with  great  rapidity,  in  other  ca^es 
with  extreme  slowness.  It  probably  commenoes  in  most  instances 
outside  the  nerve-elements,  which  are  secondarily  iuTolved,  Perhaps 
some  acute  processes  in  the  nerve-elements  themaelvea  are  most  accu- 
rately regarded  as  a  parenclnTnatous  inflammation*  analogous  t^  that 
which  we  know  occurs  in  the  fibres  of  the  peripheral  nervea.  Degene- 
ration consists  of  two  processes,  a  wasting  of  the  nerre- struct ureap  cells 
and  fibres,  and  an  ovei*growth  of  the  connective- tissue  elements.  The 
latter  leads  to  the  oondition  termed  sclerosis.  The  mune  has  been 
given  to  it,  apparently,  because  the  process  is  one  that,  in  other 
orgtuis,  increases  their  oonsistenoe.  In  the  cord  it  has  not  oftan  thii 
effect.  The  newly  formed  connective  tissue  is  rarely  of  greater  firm- 
ness, and  is  often  less  firm,  than  the  nerve-elements  it  replaces.  In 
sclerosis,  howeverj  we  must  distinguish  two  types.  In  one  the  pro<?css 
is  limited  to  structures  that  have  the  same  function;  the  process 
begins  as  a  degeneration  of  the  nerve-elemeGt^,  and  the  overgrowtli 
of  the  connect ivt^  tissue  is  a  constxjuence  of  their  wasting— the  affection 
is  essentially  '*  i;>arenchyniatous/*  The  so-called  "secondary  degene- 
rations "  are  of  this  eha^mcter  ;  but  similar  chjmges  are  often  pri-" 
and  affect  the  structures  that  have  the  aame  function,  ofte"  *hrr 
considerable  extent  of  the  coni.      Hence  ther  are  term       •*  ». 

diseases."      In  the  other  type  the  morbid  changes  are  not 
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according  to  function.  Tbey  are  apparently  random  in  incidence,  and 
inTolve  adjacent  strnctnres  in  consequence  of  contiguity.  Tlieae  begin 
in  the  connective  tisane  and  not  in  the  nerve-elements,  which  suffer 
secondarily.  They  are  essentially  interstitial  processes.  Insular 
scleroaie  is  an  example  of  this  type. 

The  position  of  the  ialete  of  arlerosis  haa  no  relntmn  to  the  f  uncHon  of  the 
parte,  end  may  involve  parte  of  adjacent  itructiires  that  heve  no  c«tnnion  func- 
tion* Areae  of  diffose  jtcleraeie  are  also  met  with  which  have  not  the  nharp 
lifiiitation  of  the  in»iilar  form,  and  are  rc^jarded  by  eorae  aa  of  the  njitnre  of 
ctironio  eclerotic  inQamiijation.  If  «nch  a  lesion  i«  bo  situated  aa  to  involve 
fibres  that  mid^rgo  secondnry  degeriemtioii,  this  net^easarily  reaiilts  when  the 
damage  to  the  fibres  [a  enffietentlj  great.  We  have  then  a  combination  of  the 
random  and  ajBtemio  forme  of  scleroeisf  bnt  one  that  baa  no  real  p»tbologicnl 
signtficanoe* 

There  are,  however,  other  relations  between  the  two  typen  tliat  deserve 
attention.  These  will  be  considered  in  connection  with  the  specia!  morbid 
processea  that  present  them,  bnt  a  brief  mentioR  of  them  here  maj  mate  some 
factaof  other  diseases  more  intellii^^ible.  Ttte  process  of  secondary  de§;eneration 
and  eecondaij  sclerosis  varies  in  its  charaeter*  presenting  in  some  rases  a 
greater  amount  of  vescntar  disturbance  than  in  others.  It  seems  to  partake  of 
the  oharacter  of  the  lesion  causing  it,  as  we  have  seen  (p.  73)  the  prooeRS 
of  secondaiy  degeneration  in  the  nerves  may  do.  The  same  difference  is  seen 
in  the  primary  degenerations,  such  aft  ocunr  in  tabes.  This  difference  is 
analogous  to  that  which,  as  already  described,  occurs  in  some  varieties  of 
multiple  nearitis-  We  can  indeed  see  the  difference  in  the  eye :  tabetic 
optic  nerve  atrophy,  in  most  ruses,  present!  no  sign  of  inflammation,  while  in 
others  the  early  stage  may  be  a^'companied  by  distinct  slight  neuritist  to  be 
seen  with  the  ophthHlmoscope.  Sctondly^  the  chronic  inflaioraations,  with  the 
diffuse  limitation,  extending  to  adjacent  structures  irrespective  of  function^ 
have  yet  iometimea  a  marked  tendency  to  be  localised  in  strm-tures  of  definite 
function,  Thna  there  is  sometimes  diffuse  ecleroeis  of  the  lateml  pyramidal 
tracts  and  posterior  median  columns,  not  sharply  limited  to  these,  and  yet  with 
a  correspfjndence  and  iymmetry  not  t*>  be  overlooked.  Tims  the  two  processes 
tend  to  meet ;  the  systemic  degeneration  or  solero<<is  to  be  diiffuse  i  the 
diifuse  inflammiAtion  or  sclerosis  to  be  systemic;  and  it  is  sometimes  not 
ea^y  to  say,  from  mere  microscopic  eiamination,  to  which  class  a  lesion 
belongs  Lastly,  there  is  a  curious  fait,  which  hiia  been  strangely  overlooked 
although  attention  was  first  called  to  it  by  Charcot — ^that  inflammation 
may  extend  from  a  primary  lesion  along  a  tract  that  undergoes  secondary 
degeneration,  bnt  in  the  oppoeite  direction  tn  that  of  the  degeneration.  It  is 
very  common  for  the  inflammation  at  a  given  place  in  the  cord,  especially  that 
due  to  compression,  to  extend  farthest  along  certain  tracts,  irrespective  of  their 
secondary  degeneration^  and  in  some  cases  this  extension  occnirK  through  a  con* 
ftderable  extent  of  the  cord.  An  ascending  indammation  limited  to  the  pyra- 
midal tract*  may,  for  instance,  be  traced  through  several  segments.  The  fact 
suggests  that  the  neuroglial  elements  may  share  to  aome  extent  a  difference 
that  obtains  between  the  fibres  of  different  tracts,  and  it  may  easily  lead,  and 
probably  has  led,  to  erroneous  conclusions. 

Softening  of  the  spinal  cord  is  very  common.  Whenever  the  neire- 
fibres  are  broken  np  into  disconnected  globules  of  myelin,  Bepard.ted 
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hy  serum  in  a  sort  of  emtilsion,  the  oonsistence  of  the  part  ia  neoes- 
sarilj  lesseaed.  Acute  iuflxbtnmatioii  always  causes  such  a  breaking 
up  of  the  nerve-fibrea,  and  hence  inflammation  alwajs  causes  softening 
as  its  first  effect.  The  separate  particles  are  augmented  bj  leucocytes, 
which  escape  abundantly  into  the  tissue.  Ultimately  connective- tissue 
elements  are  formed,  which  increase  the  consistence,  it  may  be  up  to, 
and  even  beyond,  the  normal  degree.  In  a  very  chronic  inflammation 
the  formation  of  new  tissue  may  proceed  pari  paaau  with  the  destruc- 
tive process^  and  there  may  be  at  no  time  much  diminution  of 
consistence^  It  is  in  these  cases  that  it  is  difficult  to  draw  the  lino 
between  inflammation  and  degeneration. 

Does  such  softening  of  the  cord  occur  apart  from  inflammation  ? 
The  qoiestioti  is  not  easy  to  answer.  In  the  brain  necrotic  softening 
is  very  common  as  a  coneequence  of  arterial  obstruction^ — is  indeed  the 
common  form  of  softening.  But  in  the  spinal  cord  we  have  no  such 
distinct  evidence  of  the  occurrence  of  necrotic  softening.  If  embolism 
occurs,  it  is  excessively  rare.  The  course  of  the  vessels  does  not 
favour  the  passage  of  a  plug  into  them,  while  the  vertical  connection 
in  the  anterior  spinal  and  anastomotic  arteries  (see  p.  227)  will  prevent 
damage  from  obstruction  in  the  central  system  unless  this  is  situated 
in  the  terminal  vessels  of  the  grey  matter.  Arterial  thrombosis,  due 
to  atheroma  of  the  wa^s  of  the  vessels,  such  as  is  so  common  in  the 
brain,  probably  does  not  occur  in  the  cord.  The  art+^ries  are  smaller 
than  those  in  which  atheroma  is  met  with  in  the  brain,  and  the  low- 
ness  of  the  blood-pressure  within  them  involves  the  absence  of  the 
chief  cause  of  atheroma.  It  is  likely  that  spontaneous  thrombosis 
occurring  in  vessels  affected  with  syphiEtic  endarteritis  sometimes  stfts 
up  the  changes  that  are  now  regarded  as  those  of  primary  inflamma- 
tion} and  such  a  lesion  has  actually  been  met  with,  but  we  have 
no  evidence  of  its  frequency.* 

Besides  the  morbid  processes  to  which  the  cord  itself  is  liable*  it 
suffers  also  in  consequence  of  disease  outside  it.  It  may  be  com* 
pressed  by  growths  springing  from  the  membranes  or  bones,  and  by 
products  of  inflammation  within  the  spinal  canal.  Compression  not 
only  causes  degenemtion  of  the  nerve-elements,  but  usually  excites 
actual  inflammation.  TMs  "  compression-myelitis "  may  attain  a 
degree  and  an  acuteness  out  of  all  proportion  to  the  causal  compres- 
sion.  The  membranes  may  be  the  seat  of  haemorrhage  which  com- 
presses the  cord,  or  inflammation  which  irritates  it,  even  when  the 
organ  is  not  invaded  in  appreciable  degree. 

The  series  of  recognised  lesions  of  the  spinal  cord,  obvious  or  micro- 
scopic,  does  not  by  any  means  exhaust  the  list  of  its  morbid  states. 
Changes  may  occur  in  the  nutrition  of  its  elements  interfering  with 
their  function,  which  are.  and  are  likely  to  remain,  altogether  beyond 
our  means  of  detection.  Such  morbid  states  are  often  called  "  func* 
tional  diseases/*  but  when  prolonged  they  are  probably  more  accui-ately 
•  Willbunioii,  *  Lfiticet,'  1  &&4. 
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red 


nutritional    diseases   (i 


1).      Demn^menta   of 


oonceiTi 

function  tliat  we  can  regard  as  purely  such  are  few  and  rare.     But 

dissturbanceB  of  function  may  be  due  to  organic  disease  in  some  other 

part  of  the  nervous  sjBtem,  and  thej  may  also  be  the  result  of  toxic 

agents. 

Lastly,  functional  action  in  all  organs  is  attended  with  increased 
blood-supply ;  and  when  excessive,  the  vascular  ilisturbance  may  go  on  to 
a  condition  indistinguishable  from  inflammation,  with  escape  of  leuco- 
cytes, &c.  The  prolonged  experimental  stimulation  of  sensory  nerves 
has  actually  produced  myelitis  in  the  related  portion  of  the  cord. 

In  connection  with  the  general  pathology  of  diseases  of  the  spinal 
cord,  it  is  important  to  note  certain  general  facts  of  their  causal  ion  :- — 
(1)  Neuropathic  diapositwi. — An  inherited  tendency  to  disease  of  the 
nerve-elements^  manifested  by  such  affections  as  epilepsy  and  insanity. 
This  cause  is  chiefly  influential  in  producing  the  struetiu'al  and 
nutritional  diseases,  beginning  in  the  nerve-elementg,  and  especially, 
among  structural  diseases,  the  "  system -degenerations,"  as  they  are 
called.  (2)  Prolonged  menial  dhfregs  sometimes  set-s  up  degenerative 
changes  in  some  elements  of  the  cord,  especially  in  persons  who  are 
predisposed  by  (1),  (3)  Injury, — A  eevt?re  concussion  of  the  cord 
may  cause  (a)  instant  grave  damage^  usually  hsDmorrhage.  Or  (6)  it 
may  cause  no  immediate  effect,  but  symptoms  may  come  on  at  the 
end  of  a  few  days  and  progress  slowly  or  rapidly.  Such  symptoms 
are  usually  due  to  inflammation,  secondary  to  minute  spots  of  injury, 
too  small  to  cause  direct  symptoms.  Lastly,  (c)  the  concussion 
sometimes  seems  to  pervert  the  process  of  nutrition  in  the  nerve- 
elements.  Slow  symptoms  of  impaired  function  may  result,  and 
these  may  progress  until,  after  months  or  years,  there  is  actiiaJ 
structural  disease.  Similar  effects,  esfiec'ially  the  graver  varieties,  are 
met  with  as  a  result  of  leas^^ned  atmospheric  pressure  in  divers  and 
workers  in  caissons.  (4)  Exposure  to  cold. — Wet  cold  is  especially 
effective.  The  most  frequent  effect  of  a  severe  exposure  is  EWiute 
inflammation,  but  habitual  exposure  may  produce  chi-onic  inflamma- 
tion, or  degenerative  disease.  The  exposure  that  is  effective  may  be 
general,  or  chiefly  of  the  feet  and  legs,  occasionally  of  the  back.  (5) 
The  spinal  cord  appears  also  to  be  the  seat  of  primary  in  fee  I  ion  as 
in  epidemic  cerebro-spinal  meningitis,  tetanus^  and  possibly  acute 
anterior  polio-myelitiB.  (6)  Toxic  agents  that  can  act  on  the  cord  are 
numerous,  and  are  seen  in  alcoholism  and  lathyrism.  (7)  Oth^r 
digeases  may  also  induce  morbid  changes  in  the  spinal  cord.  Tlie 
primary  malady  may  be  an  acute  specific  disease,  or  some  more 
obscure  blood-state,  the  precise  nature  and  relations  of  which  are  still 
undecided.  It  is  probable  that  certain  blood-states  d^^e  to  an  organ- 
iBed  virus  excite  some  forms  of  inflammation  of  the  cord  and  of  its 
membranes,  just  as  it  nmy  cause  inflammation  of  the  peripheral  nerves. 
Septicaemia  may  excite  meningitis,  or  even  abscess  of  the  cord  itself. 
Tubercle  is  common  on  the  membranes,  but  seldom  produces  inflam- 
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mation.  THplitheria  maj  CB.1186  acute  clianges  in  the  nerve-cells  and 
no  IT  e- roots.  Gunorrhcea  ♦  has  product  myelitis,  and  such  disea*e« 
as  variola,  typhus,  &c.,  have  been  followed  by  cord  inflammation. 
Syphilis  ia  a  very  frequent  cause  of  disease,  and  may  act  in  several 
ways.  The  demonstrated  mechanisms  are  (a)  by  a  syphilitic  growth 
compressing  or  invadiug  the  cord,  {b)  by  changes  in  the  cori 
resulting  from  thrombosis  occuiTing  in  diseased  vessels,  and  (c)  by 
chronic  syphHitie  meningitis,  damaging  the  cord  and  the  nerve-roots. 
But  (d)  acute  and  chronic  inflammations  of  the  cord  are  often  met 
with  in  syphilitic  subjects,  and  have  been  thought  to  be,  in  many 
instances,  of  syphilitic  origin.  It  is  doubtful  whether  they  present 
any  syphilitic  characters,  i. «.  any  histological  features  by  whith  they 
differ  from  noa- syphilitic  inflammations.  The  evidence  of  dejwr'ndence 
on  syphiliB  is  stronger  in  the  case  of  chronic  and  subacute  disseminated 
inflammation  than  in  the  case  of  acute  myelitis.  It  may  be,  however, 
that  inflammations  due  toother  tausea,  e.  t/.  exposure,  run  a  more  acute 
course  when  they  affect  syphilitic  subjects.  The  part  thus  played  by 
syphilis  in  lessening  the  resisting  pjwer  of  the  organism  may  bo 
shared  by  other  factors,  such  as  raalimtrition  and  exceases  of  various 
kinds.  Lastly,  (e)  certain  degenerative  diseasea  of  the  cord  are  very 
commonly  preceded  by  syphilis ;  one  of  them,  locomotor  ataxy,  so 
frequently  that  a  causal  relation  between  the  two  can  scarcely  be 
doubted.  But  these  degenenLtive  diseases  are  certainly  not  syphilitic 
in  nature ;  they  differ  in  no  res|»ect  from  the  similar  morbid  |»roee6se8 
that  occur  in  individuals  who  have  not  had  syphilis,  and  are  probably  the 
consequence  of  some  toxin  left  behind  by  the  morbid  agency  to  which 
the  constitutional  malady  ia  due.  (8)  Excessive  muscular  exertion 
has  been  held  to  play  a  part  in  the  tj^^neration  of  chronic  disease  of  the 
cord.  This  view  has  of  late  derived  some  support  from  eiperimeuts 
u|>on  animal B;t  (9)  Pathological  changes  in  the  cord  are  known  to 
result  from  the  amputation  of  limbs.  These  have,  however,  no 
clinical  Bignifioanoa 

The  outline  just  given  of  the  general  pathology  and  etiology  of 
difteases  of  the  spinal  cord  will  enable  us  to  consider  the  last  element 
in  diagnosis,  the  nature  of  the  lesion.  The  seat  of  the  disease  is 
indicated  by  the  combination  of  symptoms;  its  nature  can  only  be 
determined  by  considering,  separately  and  together,  several  other 
(X)int8: — (1)  The  way  in  which  the  fiymi)toms  came  on.  (2)  The 
causes  that  can  be  traced,  taken  in  conjunction  with  the  known  effects 
of  those  causes.  (3)  The  seat  of  the  disease,  taken  in  conjunction 
with  the  known  liability  of  certaio  sti-ucturea  to  certain  lesions.  The 
most  important  of  these  elements  is  the  mode  of  onset,  and  the  otter 
indications  should  only  be  used  in  strict  subordination  to  this. 

•  Qowen,  'Clinicttl  Lt-ctnre*  on  Nervoiii  Diten»e»,'  p.  119;  nlm  Leydcn  and 
Ooidtcheider,  'Die  Erkmnkungen  ties  RtickeiimJiiikeB/  p.  369. 

f  Independc'iiUy  by  0.  RoBcuTbach  and  Edinger  («*i*  Edimger  and  Holbitii^, 
*  VerhaQ(liuogeii  dea  16  Cong.  f.  tuner.  Med./  Wiinbaduii,  181^8). 
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The  time  occupied  by  the  onset  of  the  disease  is  thus  the  first 
eleraent  in  the  pat iKilogical  diagnosis.  By  "  time  of  oaBet "  is  meant 
the  period  that  elapses  between  the  actual  commencement  of  the 
symptoms  and  their  attainment  of  a  considerable  degree  of  intensity. 
Wu  may  divide  the  chief  modes  of  onset  into  five  classes^  and 
cUissify  the  most  common  lesions  in  relation  to  them,  in  the  foUowing 
table: 


DiflXABM, 


\'1 


}; 


DiSBABB. 


ascalnr  leiiona. 


Onbbt. 
Svdden 

(few  minutes) 
Acute 

(few  houra  or  days) 
tbacuts 

(one  to  fix  we«ki) 
Freifore  und  '  Subchronio  I 

1      (nix  wceki  to  fix  tnontha)  J 
1  Chromic  V  DegeDeration. 

[_     (more  iIlud  mix  montfaB)         J 


^rowtliR 


^  I  n  flam  ra  ation. 

1 


A  lesion  of  sudden  occurrence,  the  symptoms  developing  in  the 
course  of  a  few  minutes,  is  almost  always  vascular,  commonly  he&mor- 
rhu^e,  sometimes  perhajis  vascular  obstructiou.  But  a  vascular  lesion 
may  occupy  a  somewhat  longer  time  in  development — a  few  hours  or 
days.  In  acute  and  subacute  inflammation  the  symptoms  come  on  in 
the  course  of  a  few  hours,  a  few  days,  or  a  few  weeks.  Subacute  and 
chronic  inflammation  occupies  from  a  few  weeks  to  a  few  months. 
Degeneration,  in  which  there  is  no  adequate  evidence  of  any  inflam- 
matory process,  occupies  many  months^  or  it  may  be  yeurs.  The  sym- 
ptoms produced  by  tumours  which  invade  or  compress,  and  by  simple 
pressmre  (traumatic  causes  excluded},  are  never  sudden  or  very  acute, 
and  rarely  very  chronic ;  the  time  occupied  by  the  development  of  the 
symptoms  varying,  according  to  the  nature  of  the  ca-use,  from  a  fort- 
night to  six  months. 

It  is  necessary  to  consider,  however,  not  merely  the  whole  time 
occupied  by  the  development  of  the  disease,  but  abo  the  uniformity  of 
its  course.  Two  or  more  morbid  processes  may  concur.  An  initial 
myelitis,  for  instance,  may  lead  to  a  secondary  degeneration ;  and  on 
the  other  hand,  in  degenerated  tissues,  sudden  vascular  lesions  oc- 
oasiiDnally  occur.  Pressure  produces  local  myelitis,  which  may  be 
independent  of  the  pressure  in  its  development,  and  have  an  acute  or 
Buljacute  onset.  The  whole  course  of  the  disease  must  be  ascertiiined 
before  an  inference  is  drawn,  and  the  possibility  of  a  double  proceas 
must  always  be  kept  in  view. 

The  onset  and  course  of  the  symptoms  thus  sometimes  enable  us  to 
decide  at  once  that  a  lesion  is  of  a  given  character,  as  that  one  which 
occurs  instantly  is  vascular,  or  that  one  which  takes  years  for  its 
development  is  degeiirrative.  More  frequently  they  enable  us  to 
exclude  certain  morbid  processes,  and  to  restrict  the  fiossible  h^sion  to 
two  or  three  forms.     For  instance,  a  lesion  which  comes  on  in  the 
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ooiirse  of  a  few  bours  must  be  either  TaMolar  or  mBammstoty. 
Between  these  we  hsLYe  to  decide  bj  attention  to  other  indicatioiUL 

In  actual  diagnosis  it  is  conrenient  to  consider  next  the  tndicatioa 
afforded  by  the  position  and  distribution  of  the  disease.  We  consider 
what  diseaeea  occur  in  this  situation,  and  then  which  of  tJiem  ha' 
mode  of  onset  that  has  been  ascertained.  Th^s  indication  in 
knowledge  of  the  various  diseases  and  their  seat  The  mo«t  importelll 
conBiderati*>n  is  that  a  wide  range  of  Bjmptoni&  jf  uniform  character 
indicates  the  affection  of  a  definite  system  of  structure,  and  in  noil 
instances  a  disease  commencing  in  the  nerve-elementa,  and  if  thg 
onset  be  chronic  we  may  feel  sure  that  it  is  a  degeneration-  On  tht 
other  hand,  the  involvement  of  many  functions  suggeats  a  nuidoai 
process,  such  as  inflammation  or  prebsure.  But  this  indicatio&  m 
always  to  be  sutK>rdinated  to  the  mode  of  onset  Thus  the  limitati< 
to  a  single  structure  does  not  exclude  inflammation :  this  may 
for  instance,  the  anterior  grey  matter  only,  and  cause  oorre«pO! 
symptoms. 

The  symptoms  may  indicate  a  morbid  process  limited  to  one  half  of 
the  card,  but  this  duos  not  materially  modify  the  diagnostic  method. 
Almost  any  process  may.  in  rare  cases,  be  thus  limited.  Syitem 
degenerations  and  acute  in:0ammations  are  least  frequently  unilateral^ 
and  they  never  reach  a  considerable  degree  of  intensity  on  one  sidf 
witliout  some  affection  of  the  other  side  On  the  other  hand,  tumooii 
and  foci  of  chronic  myelitis  are  often  one-sided,  and  stiU  more  ofteA 
affect  one  half  of  the  cord  first  and  then  the  other. 

Indication  of  disease  outside  the  cord,  irritation  of  certain 
roots,  causing  severe  local  pain,  often  precedes  the  symptomB  of 
pression^  and  is  an  important  aid  to  diagnosis.  It  shows  the  existttn^ 
of  a  morbid  process  outside  the  cord  before  the  cord  is  involved.  Bui 
we  cannot  use  even  this  indication  except  in  dependence  on  the  mods 
of  onset.  A  disease,  as  a  growth  outside  the  cord,  may,  as  fre  hart 
seen,  not  only  compress  the  cord,  and  cause  slow  loss  of  power;  it 
may  excite  inflammation  and  cause  rapid  palsy. 

The  last  element  in  the  pathological  diagnosis  is  the  detection  of 
any  influence  which  can  be  regarded  as  the  cause  of  the  diseai^  in  the 
spinal  cord,  or  any  associated  condition  which  may  indicate  an  active 
morlnd  process.  We  have  seen  that  the  mode  of  onset  may  help  vm 
Uy  limit  the  disease  to  certain  possible  forms  of  h  sion  ;  the  distribn 
tion  of  the  affection  may  render  it  probable  that  it  is  one  or  other 
thfifle  forms ;  and  the  detection  of  a  cause  and  the  knowledge  of  t 
leeion  which  that  cause  produces  may  help  us  to  canj  the  diagnoeie  etiQ 
further.  The  most  important  general  causes  of  diseaee  of  the  oord» 
and  the  processes  to  which  they  chiefly  give  rise,  have  been  already 
ment  icmed.  The  causal  element  in  diagnosis  is  chiefly  on  apj 
of  those  facts. 

The  morbid  process  outride  the  spinal  cord  that  most  dofely 
lates  its  disease  is.  unquestionably,  parenchymatous  multiple 
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The  diagnosis  depends  on  a  thorough  knowledge  of  the  varied  sym- 
ptoms of  the  latter,  since  its  elements  varj  ac^iordiiig  to  the  difEereut 
manifestationB  of  the  disease  of  the  nerves.  For  these,  imd  for  any 
general  diagnoatic  principles,  the  reader  is  referred  to  the  account  of 
that  disease. 

The  only  sure  ground  for  diagnosis  is  a  thorough  knowledge  of  the 
Tarious  morbid  processes  and  their  eymptoms ;  and  the  only  safe  plan 
is  to  work  by  these,  from  symptom  to  seat  and  onset  to  nature, 
treating  every  case  as  a  problem  t-o  be  worked  out  to  a  definite 
diagnosis,  and  only  then  comparing  the  result  with  the  types  of 
disease.  To  one  of  these  the  case  may  or  may  not  conform  ;  if  it  does 
not,  the  comparison  with  ty{>e8  as  a  means  of  diagnosis  will  only  leave 
the  observer  stranded  and  powerless. 

The  distinction  of  functional  and  nutritional  disease  from  organic 
lesions  may  conveniently  be  postponed  until  the  symptomB  of  the 
former  are  specially  described. 


SPECIAL  DISEASES  OF  THE  SPINAL  CORD. 


DISEASES  OF  THE  VERTEBRAL  COLUMN, 

Diseases  of  the  bones  of  the  spine  fall  for  the  most  part  within  the 
province  of  aurgery.  But  there  are  few  of  these  diseases  that  do  not, 
among  their  most  frequent  effects,  interfere  with  the  functions  of  the 
spinal  cord.     Hence  an  account  of  the  diseases  of  the  cord  would  be 

I        incomplet«  without  some  mention  of  the  morbid  states  that  begin  in 

I       its  bony  case. 


INJURIES  OF  THE  SPINE. 


Injuries  to  the  spinal  column  may  consist  of  punctured  wounds 
(which  need  not  be  considered  here),  concussion  (the  eifects  of  which 
on  the  oord  wiU  be  considered  later),  and  fracture  or  dislocation  of 
the  vertebrse.  It  may,  however,  be  useful  briefly  to  describe  the  more 
salient  features  of  the  last  two  conditions,  their  relation  to  the  damage 
the  cord  Bustains,  and  the  symptoms  thus  produced. 


Dislocation. 

Simple  dislocation  occurs  in  the  cervical  region,  moat  frequently  at 
the  fiftia  and  sixth  vertebr®.  It  may  take  place  gradually  or  suddenly ; 
gradual  displacement  is  always  secondary  to  disease  of  the  bones; 
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Budden  diBplaoament  xnaj  occur  in  diioaie  or  from  injuiy.  Hk 
damage  to  the  cord  ii  ilwajB  greftteet  in  tnuimatic  displacement  of 
healthy  bones,  because  the  force  needed  to  produce  the  diriocntion  is 
much  greater,  the  displacement  is  more  oonndemble,  and  the  effect 
on  the  canal  and  the  contained  cord  is  greater.  Displacement  maj 
occur  in  any  direction :  it  usually  iuTolTcs  both  irertebral  ariicalations. 
but,  in  rare  cases,  it  is  oblique,  inTolying  one  artiffulation  only.  The 
common  causes  are  Tiolent  blows  or  falls  on  the  head*  imrefy  auddcn 
rotation  of  the  head  while  a  weight  is  canied  upon  it.  The  sjrmptoms 
are  a  lateral  or  forward  or  biiekward  dispkoement  of  the  head,  so 
that  the  chin  is  in  contact  with  the  shoulder  or  the  ohest,  or  the 
occiput  with  the  nape  of  the  neck.  There  is  also  irregiilarity  of  the 
vertebral  spines,  usually  readily  detected.  The  cord  is  damaged  in 
most  cases,  and  the  symptoms  are  those  of  a  total  transrerse*  lesion 
in  the  situation  of  the  luxation.  It  may  be  merely  comprossed. 
especially  in  cases  of  disease,  in  which  the  displacement  baa  oeconed 
with  litUe  force.  The  symptoms  of  paralysis  haye  been  known  to 
pass  away,  in  such  a  case,  on  the  reduction  of  the  dislocation.  Mors 
commonly  the  cord  is  also  bruised,  with  extravasation  of  blood,  and 
socondaiy  myelitis  occurs  later.  In  such  cases,  if  the  patients  lire, 
there  may  be  amesthesia  or  hyperasthesia  below  the  lesion,  with  total 
paralysis  of  the  limbs,  and  excess  of  reflex  action.  In  rare  instances 
the  cord  has  been  completely  dirided.  In  still  rarer  instances  of  slight 
displacement  it  has  not  been  injured. 

Bupture  of  the  transverse  ligament  which  retains  the  odontoid 
process  may  permit  the  latter  to  compress  the  cord,  and  thus  to  cause 
iustant  death.  This  often  results  from  sudden  suspension  by  the 
head,  as  in  criminal  executions.  One  of  the  euriosities  of  surgical 
literature  is  a  case  related  by  Petit  in  which  a  man,  playing  with  s 
neighbour's  child,  lifted  it  up  by  the  head,  and  caused  instant  death 
by  rupturing  the  transverse  ligament.  The  father  of  the  child, 
entering  at  the  moment,  stabbed  the  man  with  a  knife,  the  blade 
of  which  passed  in  between  the  first  and  second  cervical  vertebrs, 
dividtnl  the  spinal  cord,  and  the  man  also  fell  dead.  Bupture  of  the 
li^^nient  has  also  resulted  from  raising  a  heavy  weight  with  the  head, 
llie  treatment  of  dislocation  is  too  purely  aui^gical  to  be  deaoribed 
here. 

FnACTvna. 

All  organic  disoascs  of  the  bones,  weakening  them,  predispose  to 
fracture.  Among  these,  one  is  of  special  medical  interest ;  the  ver- 
U'brse,  especially  in  the  lumbar  region,  may  share  the  rarefaction  and 
weakening  of  the  osseous  tissues  occasionally  produced  in  tabes,  an<l 
then  a  very  slight  traumatic  influence,  a  blow  or  wrench,  may  cause 
f Picture.  The  force  needed  is  often  so  slight  as  to  fail  to  cause  dis- 
placemont  or  other  symptoms  except  local  pain,  and  symptoms  may 
only  sui)ervene  at  a  somewhat  later  date.    Apart  from  disease,  the 
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aocident  Is  moat  common  in  adults,  the  gfreater  elaaticitj  of  the  rerte- 
bral  column  in  children  giving  to  them  a  comparative  immunity.  Its 
cause  k  a  blow  or  fall  on  the  spine,  or  sudden  forcible  flexion.  In 
extremel/  rare  cases  a  fracture,  usxially  slight,  has  resulted  from 
severe  muscular  exertion.  This  is  an  im]^>ortani  fact,  showing  that 
muscular  exertion  may  injure  the  spine,  and  may  lead  to  symptoms 
at  a  later  date.  Symptoms  of  such  injury,  in  slight  degree,  are  not 
uncommon. 

Fracture  may  occur  at  any  part  of  the  spine,  but  is  most  frequent 
at  the  fifth  or  sixth  cervical,  and  at  the  last  dorsal  or  first  lumbiir 
vertebra.  In  the  dorsal  and  lumbar  regions  the  bodies  are  broken 
in  two  thirds  of  the  cases,  but  in  the  cervical  region  the  art- hes  alone 
are  fractured  in  one  half.  Usually  there  is  a  displacement  of  the 
vertebral  column  at  the  seat  of  fracture.  Karely  the  bodies  may  be 
cnishetl  without  displacement.  The  displacement  of  the  bone  iuvolves 
a  narrowing  of  the  canal  and,  usually,  compression  of  the  cord.  This 
may  aJ^o  result  when  the  arches  only  are  driven  in.  But  the  cord 
may  be  seriously  dama^^ed  when  there  is  no  permanent  narrowing  of 
the  canal,  as  in  Figs.  80  and  90.    The  dura  mater  is  rarely  torn  except 
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Fig.  89. — Fmctiire  of  the  flrat  Inmhar  Tertebra.  u  M.  Durn  miit*r.  There 
wu  no  perinanent  imrrowinjEr  of  the  cuniil,  but,  uev^rtlieleie,  tUe  •piu«l 
cord  wni  greatly  daiuuj^'eJ  at  the  Bpot ;  tee  next  flgure. 

by  a  splinter.  Blood  is  abnoat  always  extravasated  outside  the  dura 
mater,  often  in  con.siderable  quantity,  from  the  rupture  of  the  large 
veins  in  this  situation.  There  are  usually  only  small  extravasations 
in  the  pi  a  mater.  The  cord  is,  in  most  cases,  bruised  and  compressed 
by  the  lower  fragment  (Pig*  91),  Sometimes  it  is  flattened,  and  it 
may  even  be  divided,  all  nerve-anbatance  being  squeezed  out  of  the 
pia-matral  sbralh  at  the  spot.  In  the  case  shown  in  Figs.  89  and  90 
the  cord  appeared  to  have  been  split  longitudinally  at  the  spot,  perhaps 
by  the  mere  force  of  the  concussion.  It  is  very  common  to  have  local 
myelitis,  opposite  the  fracture,  without  any  permanent  narrowing  of 
the  canal  or  compression  of  the  cord ;  the  inflammation  seems  to  be 


284 


BPiKAL   OOBD. 


the  direct  result  of  tlie  coacusaion.  Blood  may  be  extravasated  into 
the  bruised  part^  sometimes  in  minute  spots,  sometimes  in  larger 
hiemorrbages«  and  even  into  the  central  canaL  These  changes  are 
tisuallj  limited  to  the  spot  directly  damaged,  but  secondary  mjelitia 
may  be  set  up,  and  sometimes  extends  beyond  the  contused  area.  It 
ViQ.  90.  Fxo.  91. 


I 


Ffa.  90.— Spinal  cord  dniDftf^  by  the  f rarlnre  ahovn  in  fif .  S^l.    Tlit  < 
of  th«  cofd  itedf  ve  chmifftKl  beyond  xht  possibility  of  ld«atii«MUW.    Tht  Memding 
dtceriitfrmti'ia  is  •bonn  in  Figr*  *& 

Fig.  dl.^FncinMof  tii«  body  of  kha  fifth  don*!  vertchrm  and  of  ito  prmwim. 
{ktter  Gttril.) 

may  eTen  extend  through  the  whole  length  of  the  cord  below  tlie 
injury,  and  then  its  centnd  functions  are  abolished.  In  cases  of 
some  duration  the  usual  ascending  and  descending  seoondair  dtge- 
nerations  are  also  found.  It  is  important  to  note*  moreoTer,  that 
tbo  seoondary  degenerations  hare  sometinues  the  irritatiTe  character 
already  described  (p.  272.  moit),  and  thai  an  ascending  inflammatioin 
may  for  A  shoii  distance  aboTe  the  kaion  be  limited  to  a  tract  that 
degeDfOnaies  downwards  (see  ^  275).  Fig.  76,  p.  214.  represents 
seetions  of  the  coid  from  the  case  of  fracture  figured  aboTCt.  Oeoa- 
sioaally  the  injury  leads  to  secondary  caries  ol  the  bone,  with  all  its 


StxftovSw — Three  ebsses  ef  i^mploiiia  result.  (1)  TIm  local  tndka* 
tma  of  the  injuiy  to  the  spinBL  (2)  nore  may  be  certain  Bervocts 
Bol  distinctly  d«ie  to  the  dsflyige  to  the  cord.  One  ol  Qieae 
shock,  whkh  may  be  so  great  as  to  entafl  tnaant  loss  ol 
Tomiting  ocnasjonally  oeeun.  Tkere  is  great  pam  in 
the  position  of  the  &aotnre»  leadnntid  rtgj  intettse  by  pressnn^  mad 
imdiating  along  the  nerres  which  oons  txom  this  pac^  the 

Imira  foQoivei  teetnre^  nsQal^  at  an  intarral  of  sobs  days. 
(S)  OymptoM  whidh  t«B«ilt  from  the  dttnage  to  the  eoid, 
east  in  pmlyais  of  the  paits  below  the  injury.     Its 
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on  the  amoimt  of  damage.  If  this  is  considerable,  tkere  is  both 
motor  and  sensorj  paraljiia  up  to  the  level  of  the  leflion,  with  loss  of 
power  over  the  sphincters.  Eeflex  action  is  lost  at  the  leTel  of  the 
lesion,  and  the  examination  of  the  ti-unk-reflexes  often  gives  important 
information  regarding  the  extent  of  the  damage,  when  this  is  in  the 
dorsal  region.  Below,  reflex  action  is  "usually  diminished  or  lost, 
probably  because  the  centres  are  impaired  by  desoending  myelitis. 
Spasmodic  twitchingg  sometimes  occur  in  the  limba  immediately  after 
the  injury,  and  priapism  is  the  rule,  espx'cially  if  the  lesion  is  cervieaL 
The  pains  are  severe  in  the  arms  when  the  fracture  is  opposite  I  he 
corvical  enlargement,  and  in  the  legs  when  at  or  below  the  lumbar 
enlargement,  so  as  to  damage  the  nerve-roots.  In  these  cases  there 
may  be  rapid  wasting  of  the  muscles,  with  loss  of  electric  irritability. 
There  is  usually  at  first  Lncontinence,  afterwards  retention  of  urine, 
but  the  former  i«  persistent  if  the  lumbar  centres  are  damaged. 
Cystitis,  bedsores,  &c.,  may  supervene.  XJltimat^t^ly,  if  the  damaj^'e  is 
above  the  lumbar  enlargement  and  tlie  patient  lives,  there  may  be 
increased  myotatic  irritability  in  the  hmbs,  progressing  to  spasm,  so 
that  spastic  paraplegia  results.  In  many  cases  in  which  the  knee-jerk 
ia  at  first  lost  it  may  be  months,  or  even  years,  before  it  returns. 

Special  symptoms  result  when  the  injury  is  in  certain  parts  of  the 
spine.  Fracture  of  the  first  two  cervical  vertehrx  causes  instant  death, 
unless  the  displacement  is  very  slight,  and  even  then  there  is  imminent 
danger  of  fuii-hor  displacement,  with  the  most  serious  consequences, 
on  any  incautious  voluntary  movement.  With  slight  displacement 
persons  have  been  known  to  live  for  weeks,  and  then  die  from  secon- 
dary myelitis ;  they  have  even  i-ecovered  altugether.  Now  and  then 
there  is  no  compression  of  the  cord,  although  there  is  distinct  diapiaoe- 
ment,  even  sufficient  to  be  recognised  in  the  pharynx  (Leyden).  In 
such  a  case  death  has  resulted  at  a  later  period  from  caries.  The 
characteristic  symptoms  are  local  pain,  increased  by  all  movenu'iita 
(which  are  rendered  almost  impossible),  dispW^euient,  and  spinal 
symptoms.  The  latter  may  be  slight — merely  dilEciilty  in  breatiiing 
or  swallowing — or  considerable,  and  involving  the  trunk  and  limbs. 
Sometimes  there  is  hyperpyrexia.  Not  more  than  one  case  in  fifty 
recovers. 

Middle  Cerpical  Verfebrm. — The  third,  fouilh,  and  fifth  vertebrae  are 
most  frequently  fractured,  When  the  injury  to  the  cord  is  consider- 
able, death  usually  occur.^  very  rapidly,  because  the  roots  of  the  phrenic 
nerve  are  involved,  the  intercostals  being  necessarily  paralysed  with 
the  parts  below.  In  some  cases  there  is  little  immediate  displacement, 
and  the  syraptoma  are  slight  until  further  displacement  occurs  in 
some  movement.  Thus  a  man  who  had  met  with  an  injury  of  this 
kind  went  to  be  shaved ;  during  the  proceeding,  his  head  was  tiime<i 
on  one  aide  by  the  barber,  with  the  unexpected  result  of  causing  dis- 
placeioeiit  of  the  fracture,  and  immediate  death.  When  the  fracture 
is  at  the  cervieO'darsal  region,  opposite  the  lower  part  of  the  cervical 
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enlargement,  the  amiB  frequently  escape  at  first,  the  early  pai^jeis 
being  oonfined  to  the  lege  and  miisdes  of  the  trunk.  Bespiratioii  is 
diaphragmatic  only.  After  a  few  dayi  the  anna  become  involTed,  but 
theii*  paralysis  is  often  partial,  affecting,  for  instance,  only  certain 
muBcJes,  as  the  extensors  of  the  hand,  and  it  is  often  accompanied  by 
local  spasmodic  movements.  Moyements  and  pressure  cause  pain, 
and  there  is  local  muscular  rigidity*  The  head  may  be  in  normal  or 
in  abnormal  position.  Yaso-motor  disturbance  in  the  face  and  general 
hyperpyreiia  have  been  observed.  There  is  not  unfrequently  altera- 
tion in  the  joints,  especially  the  Imee- joints,  apparently  the  result  of 
the  presence  of  fluid  in  them. 

In  fracture  of  the  dorsal  verifhrm  (2 — 11)  the  arms  escape,  the  lep^ 
are  paralysed,  and  the  tnink-musdes  up  to  the  height  of  the  lesion 
The  pain  in  the  trunk  may  be  very  severe.  There  is  hyp^^rfieathesia  or 
anffisthesia  in  the  parts  below.  The  reflex  action  in  the  legs  b  exces- 
sive ;  that  in  the  trunk  is  abolished  at  the  level  of  the  lesion.  The 
last  dorsal  and  first  himhar  vertebrte  are  fractured  more  frequently 
than  the  others,  and  there  result  paralysis  of  the  legs,  complete  or 
irregular,  severe  pains,  tingling,  &c.,  sometimes  followed  by  hyper- 
sBsthesia  or  loss  of  sensibility,  and  by  rapid  disturbance  of  nutrition, 
in  both  the  muscles  and  the  skin.  In  fracture  of  the  lower  lumbar 
vertfbrm  the  symptoms  are  often  slight ;  below  the  extremity  of  the 
cord  the  nerves  occupy  a  smaller  space  in  the  canal,  and  so  may  eaoapu 
compression  by  a  moderate  displacement.  K  they  suffer,  the  fracture<l 
vertebrae  unite  very  slowly.  A  false  joint  is  occasionally  forme«l 
Secondary  myelitis  and  its  consequences  are  frequent  causes  of  deatli 
at  a  variable  period  after  the  injury. 
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CorieB  of  the  bones  of  the  spine  is  a  frequent  cause  of  paraplegia. 
It  is  often  termed  "Pott's  disease,"  from  the  English  surgeon,  Percival 
Pott,  who  first  described  it  (in  1779)  as  a  cause  of  paralysis. 

CiLUSEs. — Males  are  said  to  be  rather  more  liable  than  females,  but 
the  difference  in  sexual  incidence  is  not  great.  It  is  more  common  in 
childhood  (after  three),  and  next  in  early  adult  life,  but  it  may  occur 
at  any  age,  and  is  perhaps  more  common  in  the  second  half  of  life  than 
any  other  scrofulous  lesion.  I  have  known  it  conmience  at  fifty,  and 
it  has  been  met  with  as  late  as  seventy.  It  is  distinctly  a  manifesta- 
tion of  the  tubercular  and  scrofulous  diathesis,  and  evidence  of  such 
inheritance  is  to  be  traced  in  most  oases.  Occasionally  the  sufferer 
himself  presents  such  indications,  e,  g,  lung  disease,  or  caries  of  other 
bones.  It  occasionally  develops  simultaueously  with  other  signs  of 
acute  general  tuberculosis.  Injuries  seem  frequently  to  excite  the 
bone  mischief  in  the  spine,  as  they  certainly  do  analogous  bone  disease 
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swhere,  in  tbose  who  are  predisposed;  poaaiblj,  sometimeg,  in 
healthy  persons.  Falls,  blows  on  the  back,  and  severe  strains  are  the 
most  frequent  tra^inmtic  antecedents.  The  last  may  act  bv  stmining 
the  ligament B  and  setting  up  inflammation»  which  spreads  to  the  bones 
dire<rtly  or  through  the  intervertebral  cartilages.  There  is  tisitallj 
an  interyab  sometimes  of  many  months,  between  the  injury  and  the 
definite  symptoma  of  bone  disease. 

Other  causes  besides  scrofulous  disease  have  occasionally  be*  a 
known  to  cause  breaking  down  of  the  bodies  of  the  vertebne  with 
angular  curvature  and  all  iU  consequenees.  Soft  growths  in  tlit* 
spine  and,  in  rare  cases,  syphilitic  formations  have  had  the  same 
effect.  Ostcitia*  due  to  extension  from  adjacent  infliimmation,  is  a 
rare  cause ;  thus  caries  of  the  cervicixl  spine  has  been  secondary  to  n 
^primary  retro-pharyngeal  abscess.  The  disease  sometimes  follows 
septicaemia,  probably  in  consequence  of  a  secondaty  septicspmic 
abscess  in  the  btine.  This  was  the  case  in  a  sui^eou  about  sixty 
years  of  age,  in  whom  symptoms  of  blood-poisoning  followed  an  injury 
to  the  ankle  They  were  aueeeoded  by  paraplegia  of  rapid  onset, 
and  this  by  the  devdopraeot  of  angular  curvature  in  the  lower  dorsal 
region.     In  a  large  number  of  cases  no  exciting  cause  can  U'  triir*vl. 

Patholooicai,  Anatomy. — The  changes  in  the  bones  need  not 
detain  us,  siure  they  belong  to  sui^ical  patliology,  except  in  so  far  as 
they  lead  to  damage  to  the  cord.  There  is  intlammation  of  the  bodies 
of  the  vertebrsB,  and  of  the  intervertebral  substance,  often  at  first 
with  enlargement,  afterwards  with  breaking  down  of  the  substance  of 
the  bone,  which  gives  way  under  the  pressure  to  which  it  is  exp03<3d, 
so  that  deformity  of  the  spine  res  alts.  Products  of  intiammation  and 
destruction  of  tissue,  more  or  less  purulent  in  charat-ter,  accumulate 
either  inside  the  canal  or  outside  the  vertebral  column.  In  the  latter 
situation  they  are  increased  in  quantity  by  the  inflammation  they 
«icite,  and  the  well-known  forms  of  abscess  result. 

Within  the  canal  the  inflammatory  products  have  a  firmer  con- 
sisttmce.  Although  the  inflammation  extends  to  the  loose  celhikr  and 
adipose  tissue  between  the  bone  and  the  dura  mater,  and  often  to  the 
dura  mater  itself,  it  has  little  tendency  to  spread  as  a  purulent  menin- 
gitis, or  even  to  penetrate  the  dura  mater,  the  outer  layer  of  which 
beeomefl  irregularly  thickened  in  the  neighbourhood  of  the  disease 
^(uee  Fig.  93).  while  the  inner  aiirface  of  the  membrane  remains  normal, 

le  firm  consistence  of  the  infliiminatory  products,  often  caseous  in 
character,  is  an  important  pathological  feature,  because  this  material 
m  so  oft43n  the  agent  by  which  the  cord  is  compressed. 

The  displacement  that  results  from  the  disease  varies  according  to 
the  extent  and  character  of  the  disease.  Occasionally  there  is  simply 
a  lateral  displacement — one  spine  is  a  little  to  one  aide  of  that  above 
it.  More  commonly  the  collapse  of  the  bodies  leads  to  ''angular 
eurvature,'*  the  spinal  column  is  bent  forwards  at  an  acute  angle, 
and  one  or  two  vertebral  apinea  are  much  more  prominent  than  the 
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others.  There  is  often,  however,  a  leas  abrupt  bend;  the  currature 
may  eitend  over  four  or  five  yertebrse.  Less  commonly  one  spine 
projects  more  than  the  others  without  any  cnrratxir^. 

The  nerves,  as  they  pass  through  the  membranes  and  intervertebral 
foramina,  are  irritated  by  the  inflammation*  and  often  compressed  by 
the  thickening  of  the  dura  mater  which  sheaths  them,  and  those 
passing  by  the  seat  of  compression  may  also  suffer  from  the  narrow- 
ing of  the  canah  They  may  be  found  red  and  swollen,  or  shnmken 
and  grey.  They  may  be  damaged  when  the  €ord  is  nonnal,  or  but 
little  affected  when  this  is  compressed. 

The  damage  to  the  spinal  cord  depends  on  the  seoondarj  conse- 
quences of  the  carieSt  and  is  variable  and  uncertain  in  both  occurrenoe 
and  character.  The  mechanism  of  the  damage  is  twofold — compression 
and  inflammation.  The  relation  between  the  two  is  considei'ed  more 
fully  in  a  subsequent  chapter  (Compression  of  the  Spinal  Cord). 
Slow  4!ompression  may  be  attended  by  chronic  inflammation,  secon- 
dary not  only  in  character  but  in  course,  or  by.  an  acute  inflammation 

out  of  proportion  to  the  com- 
pression, alike  m  degree  of 
severity  and  in  rapidity  of 
development.  It  is  imj:K3rtant 
to  recognise  thase  differences. 
The  mechanism  of  compression 
varies.  The  most  frequent  is 
the  collection  of  inflamraatorv 
products  outside  the  dura  mat-er 
and  the  thickening  of  this  mem- 
brane. Less  commonly  the  cord 
ia  compressed  by  the  displace- 
ment of  the  bone,  or  by  frag- 
ments of  bone  that  are  pushed 
into  the  canal.  Oft-en  both  these 
causes  are  influential,  as  in  the 
case  shown  in  Fig,  92,  in  which 
the  compression  (at  s)  is  between 
displaced  bone  in  front  and  in- 
flammatory products  (b)  behind. 
Probably  an  inflammatory  swell- 
ing or  abscess  uf  the  bone  is 
sometimes  the  mechanism  of 
compression,  since  the  signs  of 
pressure  have  disappeared  when 
an.  abscess  has  formed  outside 
the  spine,  or  even  when  defor- 
mity has  come  on — the  breaking 
down  of  the  bodies  h&Yiiig  relieved  the  compression  produced  by  their 
enlargement. 


I''i».  ^ii — Cnrie»  of  the  ujiiiic,  mid-dorfii] 
re^on.  Th«  *|iiiiml  cortl  i»  raacli  uar- 
rowed  imil  dii^iculoured  nt  9  froni  coQi* 
preMiou  betwt-nri  the  dinplueed  bnne  and 
•  mxiM  of  infltimmatory  prodticU,  b, 
ootiide  the  dura  mater,  d  u,  the  innux 
■urdit'e  of  which  U  oarmal.  (After 
Irtjydea.) 
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Stmfioms. — Caries  of  the  spine  causes  symptoms  of  tliree  cksses : 
(1)  those  of  the  bone  disease  ;  (2j  the  effects  of  damage  to  the  nerve- 
roots;  (3)  those  due  to  the  chants  in  the  cord  itself.  Only  the 
symptoms  due  to  the  damage  to  nerves  and  cord  come  within  the 
special  province  of  this  book,  but  the  bone  symptoms  arts  of  much 
importance,  as  on  them  the  diagnosis  of  the  cause  of  the  neTvous 
symptoms  often  depends.  It  is  this  which  gives  the  subject  its  high 
medical  importance,  and  brings  the  symptoms  and  reception  of  bone 
disease  into  the  province  of  practical  medicine. 

Symptoms  of  Bone  Biaease. — The  first  is  pain  in  the  spine,  chiefly 
felt  at  the  affected  spot,  increased  bj  movement,  and  especially  by 
pressure  on  the  bone.  The  local  teademess  is  a  very  important  sign. 
It  is  elicited  both  by  direct  pressure  on  the  spines  and  by  lateral 
pressure ;  if  they  are  grasped  and  pressed  to  one  side  considerable  pain 
is  usually  produced.  Nevertheless  tenderness  is  occasionaDy  absent^ 
not  only  in  cases  of  slight  character  and  doubtful  nature,  but  also  in 
those  in  which  paraplegia  has  come  on  some  time  after  local  curvature. 
The  increase  of  pain  by  movement  ia  greatest  when  the  disease  is  in 
the  more  mobile  parts  of  the  vertebral  column,  especially  when  it  is  in 
the  cervical  region.  Movement  of  the  head  occasions  pain,  and  there 
is  an  instinctive  fixation  of  the  head,  which  is  sometimes  inclined  to 
right  or  left,  less  commonly  backwards.  It  may  thus  produce  the 
aspect  of  torticollis,  which  differs  from  that  due  to  muscular  contrac- 
tion in  that  the  stemo-mastoid  is  tense  on  the  side  towards  which  the 
head  is  turned,  the  muscle  being  simply  stretched  by  the  deviation  of 
the  head. 

The  deformity  of  the  spine  ifl  a  later  symptom  than  the  tenderness, 
and  usually  comes  on  gradually.  Its  characters  have  been  already 
described.  It  ia  often  absent  when  the  disease  is  in  the  cervical 
region.  In  this  part  there  is  usually  another  symptom — thickening 
of  the  tissues  about  the  spine,  which  is  rare  in  other  parts.  In  any 
region  an  abscess  may  form  in  the  neighbourhood  of  the  disease. 
Those  which  come  backwards,  or  descend  to  the  groin  by  the  psoas 
muscle,  cun  be  recognised  externally.  Those  that  form  in  front  of  the 
diseased  Tertebwe  may  give  rise  to  symptoms  that  are  puzzling,  if  the 
existence  of  spinal  caries  is  not  known.  Thus  a  retro -pharyngeal 
abscess  may  cause  difficulty  of  deglutition,  and  one  in  the  dorsal 
region  may  cause  syraptoma  of  oesophageal  obstruction. 

Increased  pain  and  tenderness  in  the  vertebral  colunm  often  precede 
the  indications  of  damage  to  its  contents.  The  symptoms  due  to  in- 
terference with  the  nerve-roois  are  very  variable,  and  may  be  severe  or 
absent;  usually  they  are  moderate  in  degree,  and  consist  of  pain  on  move- 
ment along  the  course  and  in  the  distribution  of  the  nerves  that  emerge 
at  the  affected  region,  often  hypersesthesia  of  corresponding  extent, 
sometimes  with  spots  of  ansestheaia.  There  is  also  muscular  weakness 
and  sometimes  muscular  wasting.  Tliese  symptoms  are  more  fully 
described  in  the  chapter  on  Compression.  Here  it  may  suffice  to 
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oaoipkuoui  onlj  in  tlie  mmority  of  the  csases,  and 

t^M  u  paebymemngitia.     The  motor  sjiaptoma 

lyi  t^  ^fl«aa@  k  in  the  corneal  region,  and  the 

af  the  arms  are  damaged,  since  slight  and 

m  mope  readilr  reeoj^'nised  in  the  arois  than  in  tha 

0t  is  ill  the  highest  part  of  this  region,  the  pains 

l^occipiit.    Herpes  xoster  has  been  oocafiionally 

of  ^e  irritated  nerves.     Spasmodic  oontrac- 

by  the  afifeuted  roots  lu  extremely  ra^re  in 

^e^on  ii  abolished  in  the  affected  part^,  and 

refleies  of  tb©  trunk  flometimeB  gives 

tion.    Diseaee  of  the  lower  oer?ical  roots 

^  ddfttiig^  action  of  the  Bjm pathetic  on  thafc 

ihotm  in  the  pupil,  more  often  in  the 

Iglent  sweating  on  one  half  of  the  fortiheud 


^  iiitffnrrrr"  with  the  functions  of  tlie  »pinal  oord 
^  Mlipftirment  of  its  conducting  power,  causing^ 
As  tlie  disaease  is  moat  frequently  in  some 
pamlyBis  of  the  legs  is  the  common  effect, 
ia  tbeir  characters,  according  not  only  to  the 
^t  alao  to  the  immediate  process  of  damage 
B  i4  caries  may  have  existed  for  years  before 
^  "^^^imlaf  curvature  may  even  come  on  in  early 
not  till  adult  life      More  commonly  the 
Zmt}  \»  not  long,  varying  from  a  few  months  to 
ihet  may  first  be  conspicuous.     The  cases  are 
gl  IS  not  suspected  until  the  paralysis  leaiis  to 
plH^  and  it  is  not  uncommon  for  the  sigas  of 
^ttiTOcal  for  some  time  aft«r  paraplegia  has 

««rf  much  in  their  mode  of  onset,    XTsually 

hut  sometimes  a  stnun  of  the  back  or 

gUB  ^  excite  a  change  in  the  condition  of  the 

^  which  the  cord  suffers.    It  is  easy  to  conceive 

^ijts  aro  favorable,  a  very  flight  strain  may  l*e 

^  ihd  sneezing  in  the  oise  mentioned  below, 

bave  commence*!,  they  may  develop  quickly 

gl  iihronic  onset  may  be  mentioned  cases  iti 

^,V<1  *  consiflorable  degree  of  intensity  at  the 

.«r  Bionths,  and  two  months,  after  their  com- 

,fg^  is  somt'time.s  much  more  rapid;   in  one 

i„^wiplci^  at  the  end  of  three  weeks.     Some- 

.4bg^  and  in  such  ca»o»,  when  there?  is  no  corre- 

..Hi\\  acuta  myeJitis  set  up  by  slight  pressure 

.<!  by  which  the  cord  suffers.     Thus,  in  one 

;hl  weakness  existed  for  three  weeks,  an*^ 
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then  the  power  of  standing  was  lost  in  a  single  night.  In  another 
child,  aged  eight,  who  had  presented  for  two  years  indications  of 
disease  of  the  cerncal  vertebrro,  the  power  of  moving  the  legs  waa  lost 
ill  the  course  of  twenty-four  hours;  during  the  second  day  the  left 
arm  became  paralysed^  and^  at  the  end  of  a  week,  the  right  ann. 
Very  rarely  the  onset  is  iuatantaucoua,  probably  from  sudden  dis- 
placement. A  child  with  angular  curvature  was  walking  across  the 
room,  when  she  fell,  and  on  being  lifted  uip  the  legs  were  powerless. 
The  more  rapidly  compression  occiu's^  the  slighter  is  the  amount 
necessary  to  abolish  conduction. 

Both  legs  usually  suffer  to^^^ether;  rarely  one  is  paralysed  before 
the  other ;  very  rarely  one  leg  suffers  much  and  the  other  little  or  not 
at  alL  Thus  in  one  case  angular  curvature  developed  in  childhood  ; 
at  sixteen  there  was  an  attack  of  weakness  in  the  legs,  which  passed 
away  at  the  end  of  three  weeks.  At  17i  the  patit>iit  sprained  hi;*  back; 
pain  in  it  followed,  and  six  weeks  later  the  right  leg  gradunllv  became 
weak,  and  a  year  afterwards  presented  intense  spastic  paralysis,  the 
left  leg  being  very  little  affect^.  He  ultimately  recovered.  An 
instance  in  which  one  leg  became  affected  before  the  other  is  that  of 
a  woman,  forty -five  years  of  age,  who  suffered  from  pain  in  the  spine, 
and  one  day,  when  walkings  sneezed  violently  three  timea,,  and  imme- 
diately felt  **  pins  and  needles  "  about  the  right  knee,  and  presently  in 
the  foot.  The  leg  became  almost  powerless  during  the  next  thi'ee  days. 
A  fortnight  afterwards  she  felt  similar  tingling  in  the  left  knee,  an^l 
at  the  end  of  another  week  in  the  foot,  and  during  the  nest  three 
weeks  this  also  lost  power,  so  that  at  the  end  of  six  weeks  from  the 
onset  both  legs  were  motionless.  The  diagnosis  was  verified  on  her 
death,  six  months  later. 

The  characters  of  the  paralvsiB  in  relation  to  the  seat  of  the  disease 
are  desi^ribed  in  the  chapter  on  Compression,  In  the  most  frequent 
cases  the  dorsal  cord  is  damaged,  and  whenever  the  Gompression  is 
above  the  lumbar  enlargement  the  condition  of  the  legs  is  that  of 
"  spastic  paraplegia,"  If  it  is  situated  in  the  cervical  region  there 
may  be  mnscular  atrophy  in  the  arms,  sometimes  palsy  without 
atrophy,  according  to  the  seat  of  the  disease.  When,  as  is  com- 
monly the  case,  the  arms  suffer  from  damage  to  the  nervfi-roots, 
they  suffer  before  the  legs,  but  if  the  diaea.se  is  so  high  up  that  the 
arms  suffer  from  the  daniage  to  the  cord,  the  legs  may  be  paralysed 
before  the  arms,  as  in  the  caae  of  the  child  mentioned  above.  In  this 
case  the  m.uscleB  of  the  shoulder  were  wasted,  the  disease  being  at  the 
level  of  their  nerves,  while  the  forearm  muscles  were  not  wasted.  In 
this  case,  as  in  others  of  similar  seat,  the  diaphragm  was  paralysed. 
The  muscular  part  of  the  spinal  accessory  may  be  involved,  and  the 
power  of  supporting  the  head  may  be  almost  lost.  Yery  rarely,  from 
tlie  disease  of  the  highest  cervical  vertebr®,  other  nerves  of  the  medulla 
are  implicated,  especially  the  hypoglossal  and  the  fibres  of  the  spinal 
accesaory  for  the  palate. 
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Sensory  Bjmptoms  due  to  the  disease  of  the  cord  are  Ifest  oowaaM 
thoji  motor  palsj.  The  onset  of  paraplegia  may  be  preoodod  bj 
SLibjeGtiye  iiensationB  in  the  legs.  ]>u]l  aching  p&in  in  tlMm  is  ibo 
not  uncommon.  Often  there  is  no  loss  of  sensation;  in  oilier  OMei 
there  are  various  degrees  of  loss.  Touch  or  pain  may  be  inptind 
alone,  or  there  may  be  absolute  loss  of  sensibility  np  to  the  Wwl  ©f 
the  lesion.  Partial  loss  is  more  common.  Reflex  action  in  all  forau 
is  Qxeessiye  (unless  the  disease  inyolyes  the  lumbar  enlargement),  i&d 
great  excess  of  the  superficial  reflex  action  is  a  common  and  importiat 
feature.  The  legs  are  often  cold,  and  sometimes  perspire  continu&Uf.  M 
The  sphincters  are  often  affected,  sometimes  early,  but  they  mAy  efcap«  ■ 
even  where  there  is  complete  motor  palsy  of  the  legs. 

Complieations. — Among  common  complications  are  bediom«  cjlthu, 
various  secondary  effects  of  the  bone  disease,  such  aa  abeoeMt  ImX 
scrofulous  disease  elsewhere,  and  general  tuberculosis.     Tubercular 
tumours  in  the  brain  occasionally  coincide  with  the  caries.     In  very  m 
severe  oases  peculiar  secondary  mischief  has  occurred  in  the  spizuklB 
cord,  and  has  run  an  independent  course,  giving  rise  to  very  unomdooiB 
symptoms.*     Thus  a  descending  myelitis    may  invade  the  lumW  ■ 
enlargement  in  its  entirety  and  abolish  its  central  and  refles  fuoi^* 
tions,  causing  rapid  wasting  of  the  muscles  and  acute  trophic 
in  the  skin.     Inflammation  may  ascend  the  pyramidal  tracts  and 
paralyse  the  arms — an  instance  of  the  strange  limitation  of 
tion  to  functional  tracts  when  it  passes  in  a  direction  oppoe 
secondary  degeneration.     Ascending  degeneration  of  the 
mediftn  columns  may  spread   to  the  postero-extemal   ooh 
oause  symptoms  of  ataxy  by  invading  root-flbres  at  a  higher 
Ataxy  may  come  on  as  the  power  returns,  when  the  disease  is  in 
dorsal  region,  probably  by  damage  to  the  path  from  the  muscles  to 
the  cerebellum.    Lastly,  myelitis  may  occur  in  disseimnAted  foci  in 
various  parts  of  the  cord,  and  even  in  the  medulla,  giving  rise  to 
scattered  symptoms  of  anomalous  character. 

CourM, — Th<.*  bone  disease  may  heal,  union  occurring  between  the 
altered  tissues,  or  it  may  persist  with  continued  formation  of  pus.  or 
may  become  quiescent  with  occasional  periods  of  renewed  activity* 
The  cord  mischief  is  influenced  by  the  state  of  the  bone  disesM. 
although  its  progress  may  be  to  some  extent  independent,  Tfawi^i 
inflammation  in  the  cord,  in  excess  of  the  compression,  may  subside 
in  spite  of  the  continuance  of  the  bone  mischief.  Pressure  on  the  covd 
may  be  relieved,  although  the  bone  disease  continues,  and  ev^n  soofes- 
times  as  a  result  of  the  increased  breaking  down  of  bone  and  exit  of 
pus  by  another  channeL  A  case  is  mentioned  below  in  which  par»- 
plegia  parsed  away  as  angtilar  curvature  developed.  Henoe  there  is 
no  strict  correspondence  between  the  course  of  the  bone  mischief  and 
that  of  the  cord  disease.  In  some  cases  the  paralysis,  motor  and 
sensoxy,  persists.  More  often  the  sensory  loss  psisns  away« 
•  S««  Charcot, '  Leijoan  «ur  !«•  Hal.  da  Sy»t.  NrrVn*  torn.  IL 
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AOtor  ^tmnlpaM  remaiai,  nsuaHj  as  spastic  paraplegia,  and,  in  severe 

cmaM»  ietor  tpann  comes  on  witli  muscTilar  contractdons.     Life  may 

be  prolonged  in  that  condition  for  jears.  but  often,  in   sucli  cases, 

form,  or  cystitis  leads  to  kidney  disease,  or  other  tubercular 

develops  and  leads  to  death,  or  the  lessened  respiratory  power 

an  attack  of  bronchitis  fatal.     In  many  cases,  again,  the 

panjyais  gradually  passes  away  even  whfn  the  compression  continues. 

h^Mft  tlie  cord  is  found  considerably  narrowed  if  the  patient  dies  from 

^^Bne  other  cause.     It  is  possible  tliat  such  compression  is  sometimes 

^^Bidoced  fltowly  without  impairment  of  conduction.     In  children  re- 

^Sverj  occurs  far  more  readily  than  in  adults.     Even  in  adults,  how- 

9Jtr»  reocfwerj  may  occur  &om  palsy  that  has  b^ted  for  more  than  a 

yeur»  witli  all   the   signs  of  descending  degeneration   in  the  cord, 

aaiKManiiiig  to  severe  spastic  paraplegia.      Usually  rest  on  the  back 

or  flfeeehMiiicftI    snpports    are  necessary   to  secure  recovery,   but   it 

oooasionally  ooeors  without  these  measures.   A  youth  acquired  angular 

cturmturs  at  sixteen ;  at  twenty  paraplegia  came  on  slowly,  and  pro* 

with  some  variations    during  the  next  seven  years.     There 

Uien  absolute  motor  {mlsy  in  the  legs,  and  sensation  was  lessened. 

Ho  refaaed  to  rest,  and  continued  to  follow  his  occupation,  which  was 

however  a  restful  one,  that  of  a  tailor ;  he  took  cod-liver  oil  and  iron, 

and  gradually  regained  useful  power,  so  as  to  be  able  to  walk  about 

m  case,  however,  is  exoeptionaL 

sometimes  occur  in  c&Bea  that  improve,  although  they  are 

orrUunly  not  nearly  so  frequent  as  might  be  expected  from  the  nature 

o(  llie  disease.     In  the  majority  of  cases  rocovery,  once  obtained,  is 

In  a  minority  the  paralysis  returns  when  some  exciting 

m  renews  activity  in  the  bone  disease.     The  tendency  to  relapse  and 

possibility  of  repeated  recovery  are  very  strikingly  shown  by  the 

wing  case.    In  a  girl  of  fifteen,  paraplegia  developed  during  nine 

slowly  at  first,  more  rapidly  towards  the  end  of  that  time. 

e  under  my  care  six  months  later,  having  been  unable  even 

ber  legs  for  that  time.     Bone  disease  had  not  been  pievioasly 

,  but  there  was  slight  tenderness  and  enough  lateral  irreg^- 

of  the  lower  dorsal  spines  to  show  the  nature  of  the  case.     Rest 

tn  bed  a&d  tonics  were  soon  followed  by  improvement ;  in  six  wetk^ 

Qonld  stand,  and  in  four  months  was  able  to  walk  well.    As  she 

power,  angular  curvature  came  on,  prominence  of  the  seventh 

eighth  dorsal  spines.     Five  months  after  her  discharge  she  fell 

struck  lier  back ;  the  curvature  increased,  and  her  legs  gradually 

h^efcie  weak  ftgain.     Seven  months  after  the  fall  she  was  resdmitted, 

mftliU  to  itaiid,  although  the  pamlysis  was  not  absolute.    There  was 

fooii^oiuis  on  each  side.     Sensibility  was  lessened  below  the  ensiform 

eartHigei    Best  on  the  back  was  again  followed  by  slow  improvement. 

In  three  months  she  could  just  walk.     She  was  then  suspended,  and 

encMtd  ia  piMter  of  Paris.     At  the  **tii\  nf  another  month  she  could 

ibovt  lbs  room,  and  no  clonus  could  be  obtained.    She  was  sooa 
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loeim;  the  aff^tion  is  apt  ta  be  mistaken  for  a  prima  nr 
fltiMic  or  the  cord  or  iU  membraDes — a  IranBTerse  mjelitiB  when  the 
d^nil  fifigioit  is  affected,  a  progressive  muscular  atrophj-,  or  primary 
pachjBioiiiiigitiB.  when  the  dttease  is  in  the  cervical  region.  A  correct 
dnigBoais  oui  only  be  made  in  these  cases  bj  recognising  the  signifi' 
naee  of  th^  alight  bone  symptoms  that  are  always  present,  the  deep 
fntJemean,  and  often  slight  irregularity.  Even  slight  irregularity 
Uerives  ngnificance  from  tenderness,  limited  in  extent  and  correspond - 
iag  i&  position  to  the  deviation.  The  irregularity  may  be  absent  at 
liT*i,  luid  then  its  development  is  doubly  significant.  An  obsei-ved 
E&rrettse  in  the  amount  of  displacement  gives  significance  to  even  a 
•light  irregolaritj. 

The  early  excess  of  the  cutaneous  reflex  action  (from  the  sole,  for 
lllftABc«)t  while  not  conclusive,  adds  weight  to  the  other  symptoms  of 
booA  diaeaae.  It  may  be  very  marked  even  while  the  patient  i^  able 
to  waUc  about.  Distinct  root  pains  are  always  of  great  significance, 
and  tliia  is  increased  by  the  detection  of  spots  of  ansesthesia  along 
tliair  course.  All  these  symptoms  derive  additional  weight  from  their 
ttMaddfiOOe  in  level  with  the  spinal  irregularity. 

It  IB  this  which  ejiables  the  pains  to  be  distinguished  from  the  con- 
ditioii  for  which  they  are  most  frequently  mistaken — a  tionk  neuralgia. 
Tbia  error  ia  especially  common  when  the  pain  is  chiefly  unilateral.  In 
iD  attch  CMMCB  the  spine  should  be  carefully  examined,  and  any  tender* 
nmB  ei  the  bone  at  the  level  of  the  pain  should  excite-  suspicion.  I 
faiave  also  known  uni  latent  I  al)dominal  pain  due  to  caries  to  be  mis- 
taken for  that  of  renal  calculus. 

When  damage  to  the  cervieul  roots  causes  muscular  wasting  in  the 
amui,  the  case  may  be  mistaken  for  one  of  progressive  muscular 
atn>pliy»  but  diifers  in  the  distribution  of  the  wasting,  m  the  jmins, 
ftud  the  impau-meut  of  sensation.  These  occur  in  primary  cervical 
'  padijineiungitis,  which  u  distinguished  by  the  absence  of  the  signs 
of  bone  disease,  and  la  the  wider  extent  through  which  the  root 
■jmptoins  extend. 

Ia  the  first  half  of  life  the  recognition  of  bone  disease  is  practically 
taDtainount  to  the  recognition  of  caries  In  the  second  half,  however. 
the  rehUive  infrequency  of  caries,  the  greats? r  frequency  of  growths  in 
th«  bone,  and  the  occurrence  of  eroding  aneurisms,  introduce  a  fresh 
diagnostic  problem.     The  absence  of  any  other  indication  of  a  tumour 

an  aoeuriim  is  the  first  distinction ;  and  the  second  is  the  fact  that 

both  tbesa  diseases  the  root  pains  commonly  reach  a  degree  of 

tj  wmroAy  ever  attained  in  caries,  and  are  especially  increased 


thftro  are  merely  tenderness  of  the  spine  and  slight  weakness 
the  question  may  ari^e  whether  there  is  organic  disease,  or 
BMidij  tba  condition  termed  **  spinal  irntation/'  or  mere  functional 
paiB  and  tenderness  and  weakness  of  tlie  legs.      In  thi'se  cases  tlic 
I  Qioally  found  over  a  considerable  area  of  the  spinal 
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afterwards  discharged,  and  her  progreaa  continued,  ao  tliat,  at  ih<>  mil 
of  nine  months,  she  could  walk  five  miles,  and  there  was  no  tiaot «{ 
clonus,  although  there  was  still  some  excess  of  the  knee-jerk.  &m 
Boon  afterwards  married,  and  bore  a  child,  which  died  two  jesLm  and  a 
half  after  her  dischar^re.  She  caught  eold  at  the  funeral*  and  a  fort- 
night lat'Or  again  began  to  lose  power;  in  six  weeks  the  legs  were 
almost  motionless,  with  marked  foot-clonus ;  sensation  to  touch  vm 
lost  up  to  the  umhilicus,  that  of  pain  being  preserved-  Neither  rest 
nor  encasement  caused  anj  improTement.  After  some  months  sttlphidfl 
of  calcium  was  given,  and  in  a  few  days  power  began  to  return ;  in  a 
month  she  could  take  a  few  steps,  and  in  four  months  she  could  walk 
about  the  ward  without  difficulty.  She  made  another  good  rooaverr. 
Some  jears  later*  however^  paralysis  again  came  on,  and  this  attack 
proved  permatient. 

Several  cases  liave  oome  under  my  notice  in  which  the  subjects  of 
caries  in  early  life,  which  healed  without  damaging  the  cord,  have  at 
some  period  in  adiilt  Ufe  presented  the  symptoms  of  primary  lataral 
sclerosis — aimple  spastic  paraplegia,  without  any  root  symptonw  or 
evidence  of  renewed  activity  of  the  bone  disease.  If  there  is  a  con- 
nection between  the  two,  it  is  probable  that  the  cord  has  auffetvd 
compression  so  slowly  that  its  functions  have  not  been  interfered  with, 
but,  nevertheless,  the  vitality  of  the  pyramidal  fibres  has  been  rendered 
less  enduring. 

It  is  important  to  rememlwr  that  the  deviation  is  often  lateral.* 
and  the  chief  difficulty  is  due  to  the  fact  that  a  slight  lateral  deviatioa 
or  slight  prominence  is  not  unusual  in  normal  spines  Hence  it  if 
important  for  the  student  to  make  himself  familiar  with  the  degrees 
of  deviation  that  occur  in  health.  At  the  same  time  it  must  not  h^ 
forgotten  that  a  deviation  not  greater  than  occurs  in  health  may  h*$ 
due  to  disease.  If  it  coincides  with  distinct  tenderness,  and  especially 
also  with  the  position  of  root  symptoms,  it  may  be  accepted  as  eridenca 
of  disease,  probable  or  certain,  according  to  the  character  of  Um 
symptoms. 

The  pathology  of  the  affection  only  concerns  us  so  far  as  it  relate 
to  the  effect  on  the  spinal  cord»  and  this  ii  oonsidef^  in  the  chapter 
on  Compression. 

DiAOKosis, — When  clear  indications  of  caries  precede  the  paralysis, 
the  nature  of  the  case  can  hardly  be  mistaken.  The  obvious  infe^i^ner, 
that  the  affection  of  the  cord  is  secondary  to  that  of  the  bone,  is 
scarcely  ever  wrong.  When  the  two  develop  together,  mistakes  in 
diagnosis  are  often  made,  but  are  usually  due  to  the  want  of 
examinations  of  the  spinal  colamJL  It  is  when  the  root  or 
symptoms  precede  distinct  evidence  of  bone  disease,  and  when 
latter  is  so  slight  aa  to  be  equivocal^  that  the  chief  real  difficulty  ui 

*  To  (ti«QOT«r  Utfrm)  davtation  it  U  wuU  to  maks  ah  ink-dot  oo  Uit  tkin  oiwr  |1« 

4Ad\»  of  the  tip  of  each  spinit,  cure  bein^  taken  Ui«t  ih«  tkio  is  not  •ir»tclwd  to 

I  ald^.     TUfl  Ink-doU  way  b«  copied  on  tract iig-paf>«r. 
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occurs;  tlie  affection  is  apt  to  be  mistaken  for  a  prini.ivj 
cligcit^cf  the  cord  or  its  ineiubrantis— a  transverse  myelitis  when  the 
d  <rsal  region  is  affected,  a  progreaaive  muscular  atrophy,  or  primary 
paebjmeningitis^  when  the  diaeaee  is  in  the  cervical  region.  A  correct 
dia^osis  can  only  be  niade  in  these  cases  by  reco^sing  the  signifi- 
cance of  the  slight  bone  symptomfi  that  are  always  presient,  thy  deep 
feiidemess,  and  often  slight  irre<,'iilarity.  Even  sbght  irregulai*ity 
derives  significance  from  t^nderneaa,  limited  in  extent  and  correspond- 
ing in  position  to  the  deviation.  The  irret,nilarity  may  be  absent  at 
tirst,  and  then  its  development  is  doubly  sigjiifitrant.  An  observed 
increase  in  the  amount  of  displacement  gives  significance  to  even  a 
slight  uTegularity. 

The  early  excess  of  the  cutaneous  reflex  action  (from  the  sole,  for 
instance),  while  not  conclusive,  adds  weight  to  the  other  symptoms  of 
bone  disease.  It  may  be  very  marked  even  while  the  patient  h  able 
to  walk  about.  Distinct  root  pains  are  idwaya  of  great  significance, 
and  this  is  increased  by  the  detection  of  spots  of  aufesthesia  along 
their  course.  All  these  symptoms  derive  additional  weight  from  their 
coincidence  in  level  with  the  spinal  irreg\ilarity. 

It  is  this  which  enablcn  the  pains  to  be  distinguished  from  the  con- 
dition for  which  they  are  moat  frequently  mistaken — a  trunk  neuralgia. 
This  error  is  especially  common  when  the  pain  is  chiefly  uoilatei-at  In 
all  such  cases  the  spine  should  be  carefiilly  examined,  and  any  tender- 
neas  of  the  bone  at  the  level  of  the  pain  should  excite  suBpicion,  I 
have  also  known  unilateral  abdominal  pain  duo  to  caries  to  be  mis* 
taken  for  that  of  rt?nal  calculus. 

When  damage  to  the  cervical  roots  causes  muscular  wasting  in  the 
arras,  the  case  may  be  mistaken  for  one  of  progressive  muscular 
atrophy,  but  differs  in  the  distribution  of  the  wasting^  m  the  pains, 
and  the  impairment  of  sensation.  These  occur  in  primary  cervical 
pachymeningitis,  which  is  distino-uished  by  the  absence  of  the  signs 
of  bone  disease,  and  in  the  wider  extent  through  which  the  root 
symptoms  extend. 

In  the  first  half  of  life  the  recognition  of  bone  disease  is  practically 
tautamouut  to  the  recognition  of  caries  In  the  second  half,  however, 
the  relative  infrtjquency  of  caries,  the  greater  frequency  of  growths  in 
the  bone,  and  the  occurrence  of  eroding  aneurisms,  introduce  a  fresh 
diagnostic  problem  The  absence  of  any  other  indication  of  a  tumour 
or  an  aneurism  is  the  first  distinction ;  and  the  second  is  the  fact  that 
in  l>oth  these  diseases  the  root  pains  commonly  reach  a  degree  of 
severity  scarcely  ever  attained  in  caries,  a  ad  are  especially  increased 
by  movement. 

When  there  are  merely  tenderness  of  the  spine  and  slight  weakness 
of  the  legs,  the  question  may  arise  whether  there  is  organic  disease,  or 
merely  the  condition  termed  **  spinal  irritation."  or  mere  functional 
pain  and  tenderness  and  weakness  of  the  legs.  In  these  cases  the 
tenderness  is  usually  found  over  a  considemble  area  of  the  spinal 
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column,  with  mora  than  one  point  of  special  Latensitj ;  H  is  superfiewl 
tm  well  as  deep,  and  may  change  its  seat ;  there  are  no  root  pains  or 
spots  of  ane&sthesia.  There  is  more  danger  that  caries  of  the  spine  in 
a  young  woman  may  be  passed  as  hysterical  paraplegia  than  of  the 
opposite  error.  Especially  when  the  subjects  of  caries  present  distinel 
symptoms  of  hysteria,  there  is  risk,  as  experience  shows,  that  im- 
equivocal  symptoms  of  caries  may  be  oTerlooked.  Somfi  oUitr 
dtag-nosttc  indications  are  mentioDed  in  the  chapter  on  Compra* 
siou. 

PROGNOSIS. — Our  ignorance  of  the  precise  character  of  the  morlnd 
process  which  is  damaging  the  cord  renders  the  prognosis,  in  enaj 
case  of  caries,  a  matter  of  much  uncertainty.  NcTerlheless  there  is 
no  disease  of  the  cord  in  which  ^mptoms  of  equal  grarity  so  oftea 
pass  away.  The  cases  are  few»  therefore,  in  which  hope  is  unjustified, 
but  they  are  equally  few  in  which  we  are  warranted  in  a  confident 
eipectation  of  recovery.  In  childhood  the  prospects  of  recovery  are 
certainly  better  than  in  adult  life,  and  they  are  least  in  declining 
yeajTs.  Damage  to  the  cord  between  the  enlargements  is  less  serious 
than  when  these  are  affected,  because  the  strong  tendency  to  trophic 
changes  constitutes  a  grave  danger  when  the  lumbar  enlarg^menl  is 
diseased,  and  the  diminished  breathing  power  an  equally  serious 
danger  in  disease  of  the  oervical  enlargement,  especially  when  this  is 
high  enough  to  entail  the  additional  danger  of  paimlysis  of  the 
dia|4iragm- 

But  how  perilous  a  condition  may  be  recovered  &om  is  shown  by 
the  fact  that  the  child  mentioned  on  p.  291  had  paralysis  of  all  four 
limbs,  the  diaphragm,  and  weakening  of  the  intercostals.  and  yet 
recovered.  Still  more  striking  is  a  catie  narrated  by  J>t.  Buxaid,  in 
which  disease  in  the  region  of  the  third  cenrical  rertebnt  oansed 
almost  complete  palsy  of  arms,  legs,  intercostals,  and  diaphngm* 
respiration  being  carried  on  by  the  accessory  muscles  of  the  neck« 
Yet  the  child  recovered  in  spite  of  the  occurrence  of  an  attack  ol 
pneumonia  when  the  paralysis  was  at  its  height.  A  girl  of  thirteen* 
whose  cervical  caries  was  accompanied  by  all  the  symptoms  of  cere- 
beUar  tubercle,  recovered.  All  these,  it  will  be  noted,  were  cfaildnn. 
Neither  rapidity  nor  slowness  of  onset  affords  any  guide  to  prognosis, 
nor  does  the  relative  order  of  paralysis  and  curvature,  or  the  degree 
of  palsy.  Severe  spastic  paraplegia  may  pass  away  entirely,  pmrided 
it  remains  extensor  in  character.  The  prognosis  is  perhaps  a  littfe 
better  when  there  is  no  loss  of  sensation,  since  this  proves  that  the 
damage  to  the  cord  is  moderate  in  degree;  but  even  complete  ipgt 
thesia  does  not  prechnle  recoveiy.  as  the  cases  mentioned  show.  The 
danger  to  Hfe  is  depeudfut  in  considerable  degree  on  the  erideaoe  that 
the  scrofulous  or  tubercular  tendency  is  active  elsewhere,  and  a]so  on 
any  difficiUty  in  securing  proper  treatment.  The  prognosis  is,  more^ 
over,  still  in  a  transitional  state  on  account  of  the  unoertsinty  regard- 
ing the  range  of  8uci!essful  surgical  treatment. 
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to  Fwt,  and  may  be  effectire  even  alone,  as  is  abown  bj  the  case  men* 
tioned  on  p.  293.     But  rest  should  always  be  secured  if  possible. 

Counter- irritation,  opposite  the  seat  of  caries,  has  sometimes 
appeared  to  do  good,  perhaps  acting  eepecially  on  the  process  of 
myelitis  which  attends  compression.  The  actual  cautery,  in  mild 
form,  is  that  which  has  been  most  frequently  found  useful.  Instances 
of  speedy  improvement  are  on  record,  but  it  is  not  always  effective, 
nor  can  indications  for  its  use  be  laid  down.  Sulphide  of  calcium, 
which  is  said  to  influence  scrofulous  processes,  deserves  further  triaL 
althouL^h  I  have  not  found  it  so  apparently  effective  in  any  other  case 
than  that  mentioned  on  p.  294  Benefit  can  only  be  expected  from  it« 
use  when,  as  is  often  the  case,  inflammatory  proiluots  constitute  the 
compressing  agent.  Extreme  care  in  general  man^ement,  to  avoid 
bedsores,  bladder  trouble,  and  bronchitis,  are  of  great  importance. 
In  manv  cases  there  is  a  tendency  to  improvement  aft^  a  time, 
especially  when  the  bone  disease  is  stationary,  or  the  cord  luw  been 
inflamed,  and  in  these  the  mere  maintenance  of  life  may  result  in 
i-ecovery  of  strength.  Wlien  power  has  retumeri,  but  the  use  of  the 
limbs  is  restrained  by  the  muscular  contractions  which  come  on  during 
the  paralysis,  the  ability  to  stand  and  walk  may  be  quickly  restored 
by  tenotomy,  and  mure  slowly  by  the  use  of  extending  splints,  &c. 
Electricity  is  useful  only  to  maintain  the  nutrition  of  the  mueclet 
when  these  are  wasting^  in  consequence  of  damage  to  their  nerves. 

The  belief  expressed  in  the  first  edition  of  this  work,  that  the  cases 
are  numerous  in  which  relief  to  tbe  compression  may  be  afforded  by 
the  8urget>n,  has  been  fully  realised.  The  path  was,  indeed,  being 
then  opened  up  by  McEweu  of  Glasgow,  who  has  shown,  with  others, 
especially  Victor  Horsley,  how  safe  and  successful  the  operative 
treatment  is  in  properly  selected  cases;  and  these,  indeed,  include 
a  large  proportion  of  the  cases  in  which  other  measures  have  failed 
to  give  relief  and  must  probably  have  remained  unsuccesafut  The 
operation  is  contra-indicated  in  cases  of  rai)idly  advancing  general 
tuberculosis  (to  which  moat  deaths  after  opemtion  have  been  due, 
and  also,  as  a  rule,  in  children,  in  whom  other  measures  are,  as  ha^ 
already  been  stat^,  usually  successful)  When  the  indirect  con- 
sequences of  the  disease  have  greatly  reduced  the  patient's  strength^ 
the  question  of  an  operation  may  stQl  be  entertained  if  it  is  a  dis- 
tinct alternative  to  a  speedy  death,  provided  the  peril  is  such  as  a 
reatoratiou  of  the  functions  of  the  cord  might  possibly  remove.  On 
the  other  hand»  the  operation  ought  not  to  be  regarded  as  the  first 
resort  in  the  majority  of  eases.  The  large  number  of  cases  that 
recover  under  the  treatment  described  above  make  it  certain  that,  in 
most  cases,  these  measures  should  first  be  tried ;  and  this  conclusion 
is  the  clearer  since  the  duration  of  paraple;»ia,  for  a  year  or  more, 
seems  to  interpose  no  appreciable  barrier  either  to  recovery  or  to  the 
relief  that  can  be  given  to  the  pressure.  On  the  contrary,  indeed,  the 
prospect  of  recovery  is  better  if  the  bone  disease  has  become  quiescent. 
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or  the  caries  has  actimDj  healed,  processes  that  must  be  furthered  by 
the  prelimiQary  rest.  The  operation  of  laminectomy  has  the  best  pro- 
spect of  success  in  the  casjes,  fortunately  very  numerous,  in  which  the 
products  of  inflammation  outside  the  dura  mater  compress  the  cord. 
These,  whether  caseous  material  or  a  mass  of  connective  tissue  into 
which  the  inflammatory  products  have  been  changed,  can  be  readily 
removed  without  opeuing  the  dura  mator.  Even  il  dinplaced  bone  is  the 
source  of  pressure,  the  removal  of  the  arches  affords  relief  to  it.  The 
chief  obstacle  to  success  is  the  extent  to  which  myelitis  has  proceeded 
out  of  proportion  to  the  compression.  This,  necj?ssnrily,  no  removal  of 
the  pressure  can  relieve.  In  proportion  as  the  inflammation  has  been 
acute  without  evidence  of  rapid  compression,  relief  is  unlikely.  But 
this  is  not  the  only  cause  of  a  rapid  onset,  and  a  difficult  question 
arises  in  such  cases,  whether  the  mechanism  is  not  such  that  an 
immediat«  operation  is  jiistifie<i  It  may  be  due  to  sudden  displace- 
ment of  bone  or  to  sudden  escape  of  pus  into  the  eanal,  as  well  as  to 
myelitis,  and  in  the  two  former  cases  it  is  possible  that  relief  may 
sometimes  be  given,  and  an  immediate  operation  may  be  wiser  than 
delay.  An  operation  is  suggested  whenever  a  sudden  increase  in  the 
curvature  or  severe  root-pains  coincide  with  the  acute  onset  of 
paralysis.  Without  these  symjttoms,  the  rapid  onset  is  probably  due 
to  acute  myelitis,  and  then  an  operation  cannot  be  expected  to  lessen 
the  interferenw  with  the  conducting  fibres.  It  is  also  called  for  in 
cases  in  which  the  disease  is  high  up,  and  by  its  interference  with  the 
respiratory  m«^chanism  is  threatening  life.  To  justify  surgical  inter- 
ference, however,  the  existence  of  caries  must  be  beyond  doubt.  The 
operation  involves  a  small  danger  to  life,  although  it  may  not  be 
greats  and  this  fact  must  always  receive  due  consideration  in.  regard 
to  the  certainty  of  diagnosis  as  well  as  the  prospect  of  relief. 
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The  brines  of  the  spin©  are  sometimes  the  seat  of  primary  or 
secondary  growths,  and  less  commonly  are  invaded  by  tumours 
bpringing  from  the  various  structures  and  even  organs  in  front  of  the 
spine.  They  may  also  undergo  changes  as  the  result  of  the  obscure 
condition  linown  as  ostconmlacia,  and  these  changes  may  occasion  pres- 
sure on  the  cord,  and  so  give  rise  to  paraplegia.*     Cancer  (scirrhous 
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than  in  carieB>  At  first  slight*  tliej  graduaUy  increase 
inteufiity.  It  wait  tliis  feature  that  led  Cruveilliier  to  call 
paraplegia  dolorosa,  a  name  it  has  sinc^  conunonlj  borne. 

pain  Kt  first  int^rDiits.  but  flubsequently  is  constant,  with 
paroxjnnj  of  greater  suffering  from  tune  to  time.  It  is  usuallj  a 
•harp  and  lancinating  pain,  and  its  special  characteristic  is  the  degr^ 
m  which  it  is  increased  by  movement.  Even  slight  movements  o£ 
the  trunk  induce  the  paroxysms.  The  distribution  in  the  arms, 
trunk,  legs,  depends  on  the  seat  of  the  disease.  It  is  extremely  rare 
for  these  pains  to  be  absent,  but  they  occasionally  occur  late  instead 
cf  earfy,*  On  the  other  hand,  they  may  precede  other  symptoms  for 
Cutaneous  hyperaBsthesia  usually  accompanies  them,  and 

of  aiuetfthesia  oft^i  develop,  after  a  time,  in  the  areas  to  which 
tbe  fixed  pains  are  referred.  Corresponding  damage  to  the  motor 
root*  may  cause  painful  muscular  contracture  (Figs,  56  and  57. 
p.  112),  paralysis,  and  wasting.  Contractures  may  also  occur  in  the 
part*  below  the  disease,  produced  by  the  persistent  irritating  pressure 
on  Uie  motor  tract  in  the  cord.     Paroxysms  of  spasm  often  attend  the 

,  eapedaUy  in  the  abdominal  muscles  when  the  disease  is  in  the 
region,  and  are  apparently  reflex  xn  nature. 
Tha  damage  to  the  cord  causes  symptoms  similar  to  those  in  caries, 

described  more  fuUy  in  the  chapter  on  Compression.  The 
diief  diileicfnee  from  caries  is  the  greater  frequency  of  a  rapid  onset 
of  tlie  paraplegic  symptoms,  due  to  the  invasion  of  the  cord  by  acute 
inflanmiAtion.  All  power  in  the  legs  is  often  lost  in  twelve  or  twenty- 
foitrlMMim,  and  this  when  no  curvature  has  taken  ])]iice.  Such  acute 
paraplegia  is  not  uncommonly  preceded  for  a  week  or  so  by  retention 
of  ttii&i^  probably  indicative  of  slight  pressure  on  the  cord.  Displace- 
meai  of  bone  has  aJso  been  known  to  cause  rapid  paralysis.f  On  the 
other  llAiid,  especially  in  very  slowly  growing  tumours,  the  onset  of 
tlie  palsy  may  be  gradual  I  have  known  it  to  occupy  several  years 
ill  rfarhing'  a  considerable  degree.  Probably  in  these  cases  the 
wefJMmiam  is  a  simple  slow  compression.  Thus,  compared  with  caries, 
tie  4NM8t  ii  more  often  rapid,  and  occasionally  much  more  deliberate. 
fW  elttiBcten  of  the  resulting  paralysis  are,  as  a  rule,  similar  to 

ift  caries,  but  are  more  frequently  modified  by  the  spread  of 
immediate  or  subsequent.  Hence  the  central  and 
reflex  fmietionB  of  the  lumbar  enlargement,  althoiigh  the  bone  diseaee 
is  msmm  distance  above  it,  may  be  lost  at  the  onset,  or  they  may  be  at 
flui  aomal  or  excessive,  and  afterwards  lost.  In  a  man  with  a  growth 
il  IIm  nid-doraal  region,  paraplegia  came  on  rapidly,  evidently  from 
Byefilil,  and  was  followed  by  fot^t-clonus.  Ac,  But  a  few  weeks  later 
tbii  elonne  suddenly  ceased,  the  muscles  became  toneless,  with  loss  of 
faimdio  imtabilsty,  and  the  skin  began  to  slough;  the  inflammation 
*  TVs  psm«  MWStdsd  enrvator*  lo  a  cue  de«crib«d  bj  L.  Humphry  ('Lancet/ 

isH  t*  ^  IS). 

t  Uttm§hrf^  Sos.  di. 
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Iiad  spread  down  into  the  lumbar  enlargement.  In  manj  ea«ec,  how. 
ever,  there  is  no  desG^ndiug  inflammation,  and  tlie  reflex  oetiomi  an 
in  persistent  excess,  so  that  spastic  paraplegia  resulta.  Sanition  it 
lost  rather  more  frequently  than  in  cariee.  Other  wpnpUimM  mn  Om 
same  as  in  compression  from  anj  caase.  The  course  of  the  illiMmi  t» 
from  its  nature  progressive;  occasionally,  however,  eome  tni{tft>Ti«- 
ment  succeeds  a  rapid  development  of  palsy,  and  is  due  to  tht 
partial  recovery  of  a  cord  damaged  disproportionately  by  inflnmTwiifffn 
It  is  seldom,  however,  that  life  is  prolonged  for  a  sufficient  kngtli  of 
time  for  this  to  occur.  Mucli  more  rarely  the  pains  leaaeo,  allhoil^ 
the  growth  spreads — perhaps  from  destruction  of  irritated  DflTfOt. 

The  duration  of  the  disease  yariet  according  to  the  nature  of  Um* 
growth.  In  cancer  it  is  to  be  measured  by  months.  In  slowl* 
growing  tumours  the  symptoms  may  last  for  years.  Death  may  be 
due  to  bedsores,  &c.,  to  cytititis  and  kidney  disease,  to  growUif  di»» 
where,  or  the  patient  may  be  simply  worn  out  by  the  prolaBg«d 
agony.  In  one  curious  case  a  growth  from  an  intervertebra]  cartilAg« 
caused  characteristic  sv  mptoms  for  thirteen  years,  and  then  defttk  by 
meningeal  hiemorrhage.* 

BiAQNOsis. — The  recognition  of  the  disease  is  only  a  matter  of  cer- 
tainty when  signs  of  a  tumour  are  present,  but  the  probability  almost 
amounts  to  certain tj  when  such  symptoms  as  those  mentioned  fdlowa 
primary  growth  elsewhere.  Such  |>ain  as  that  abore  desGribed.  oeeor* 
ring  in  a  person  from  whom  a  malignant  tumour  has  been  remoted, 
should  always  be  regai  led  with  grave  suspicion,  and  the  grounds  for 
this  are  not  lessened  by  either  an  interval  of  several  years  sinoo  th« 
removal  of  the  tumour,  or  by  the  completeness  with  which  tJus  was 
effected.  Especially  is  this  true  of  cases  of  mammary  cancer  Tlie 
pains  should  lead  to  careful  and  repeated  examinati(m  of  the  spine  and 
a  search  for  any  abrupt  deviation,  of  any  kind,  and  in  any  part  of  the 
vertebral  column ;  while  the  c^ervical  spine  should  be  eiaminfid  at  tha 
sides  and  from  the  posterior  triangle  of  the  neck,  the  tihainot«r  of  tha 
bony  prominences  on  the  two  sides  being  minut^^ly  compared.  Indj> 
cations  of  a  growth  may  often  be  thus  discovered  long  before  they  art 
obtrusiTB.  It  is  also  important  to  remember  the  fact  thai  acute 
transverse  myelitis  may  be  an  early  effect  of  the  AJtmium,  and  si  this 
lesion,  in  such  a  subject,  coincides  with  marked  local  tendcmevs,  tlia 
probability  of  secondary  growth  in  the  bone  is  rerj  great;  it  is 
randez^  still  greater  by  preceding  pains,  and  certain  by  cotnddent 
deformity. 

It  must  be  remembered  that  similar  root  symptoms  are  somotiaKa 
due  to  an  aortic  aneurism,  or  to  a  growth  in  front  of  the  yertebral 
column^  commencing,  for  instance,  in  the  glands,  and  irritating  ths 
nerves  as  they  emerge  from  the  intervertebral  foramina. 

From  intercostal  neuralgia,  the  influence  of  moreneol  on  the  pun 
ia  usually  a  sufficient  distinction,  even  when  cord   sjmptottt  an 
•  BuivorW  •AroK  d«  Phyt  ,*  1887.  No.  8. 
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The  oommonlj  bilateral  character  of  tlie  pain  is  a  further 
The  ajmptomfl  of  a  growth  in  the  lower  cervical  region 
rerj  closel/  gimuLitcd  by  symptoms  which»  from  their 
and  course,  are  prohaUy  due  to  ruiiiculiu*  neuritis.  Thur© 
are  »erere  root-pains,  referred  to  one  arm  (or  less  commonly  to  both 
,»rm»),  increased  by  movement  and  without  marked  tenderness  of  the 
of  nerve-tninks.  The  subjects  are  also  in  the  later  period 
Isfe.  The  distinction  rests  on  the  absence  of  the  signs  of  a  growth, 
tin*  al]gfat«r  effect  of  motion  on  the  pains,  on  the  absence  of  any 
e  tendency,  and  on  the  common  presence  of  a  history  ot 
•nd  especially  on  the  absence  of  any  symptoms  of  com  press  iou 
foC  ihe  cord  even  after  the  nerve- roots  have  suffered  for  some  months. 
j^oonBlunes  it  is  neoeesaiy  to  wait  and  watch  the  course  of  the  sym- 
Moms.  It  is  neoeitary  to  be  Tery  careful  in  assessing  the  value  of 
Mriiglit  irregularities ;  the  vertebra  prominens  is  apt  to  be  thought  to 
^fatuject  too  much  even  for  its  designation,  and  a  deep  bilateral  swelling 
(it  readily  assumed,  under  normal  conditions^  when  the  head  is  bent 
forward. 

The  chief  difficulty  in  diagnosis  is  the  distinction  from  caries 
'wfaen  distinct  evidence  of  a  growth  is  absent.  In  the  fi^rst  hiilf 
|«f  life  caries  would  alone  be  thought  of  in  such  a  case,  but  in 
^Ike  seonad  half  the  two  diseases  are  about  equally  frequent.  One 
|lliafingtton—  snggesti ve,  not  absolute — is  the  intensity  nf  the  pain 
(ia  Uammr,  taken  in  conjunction  with  its  great  increase  when  the 
palietil  mofm.  It  is  true  that  the  root-pains  of  caries  are  said  to  be 
tanetiiiMa  most  severe,  but  such  severity  is  not  frequent  enough  to 
dcilfoj  tlie  significance  of  intensity.  I  haye  not,  for  instance,  seen  a 
9tD§^  oae  of  caries  (of  a  large  number)  in  which  the  pain  was  com- 
paimble  to  thai  in  most  of  the  cases  of  growth  that  have  come  undor 
my  obserralion.  Therefore,  while  absence  of  pain  is  of  slighter  dia- 
▼alue  (in  favour  of  caries],  great  severity,  and  agonising 
by  movement,  are  strongly  in  favour  of  vertebral  grovrth. 
la  mA  disease  there  may  be  angular  curvature ;  but  this,  in  growths, 
M  vmOj  aooai  eacoeeded  by  other  signs  of  tumour.  In  caries  these 
•%Ba  ai«  abeeat.  and  an  abaceea  often  derelops.  A  historv  or  indica- 
U&a  of  tabercte  is  almost  conclui;ive  evidence  of  caries.  These  points 
Ibeiievv,  avail  for  the  distinction  in  most  cases.  In  a  few  it  is 
to  wait  and  watch  before  an  opinion  can  be  formed. 
Kwwp^  other  diseases  with  which  these  grt>wths  may  be  confounded 
IS  the  dorsal  form  of  tabes,  in  which  severe  radiating  f  »ains  occur  in  the 
tmale  aad  not  in  the  legs.  But  the  wide  extent  of  the  root  sympt<)ma, 
the  iliglit  ftfect  of  movement,  and  the  fact  that  the  knee-jerk  is  lo^t, 
•afiflS  for  tJia  dtstinction.  1  h^re  is  also  usually  more  extensive  dis- 
mrbaiiea  of  ■Wiatfimi  on  the  trunk.  The  distinction  from  tumours  of 
Uio  sptaa)  cord  and  membranes  is  considered  in  a  later  chapter. 
Paoajroata— The  prognosis  scarcely  requires  formulating.  The 
are  in  the  uuii*  tliut  life  is  likely  to  kst.    The 
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in  spite  of  the  process  of  tlid  disease,  althmi^  tibefi 
tav  poissibilitj  of  th^ir  subsidence.     The  chance  of  mij  nAiun  of 
tlie  paralysed  part  is  Bmall,  although  not  quite  absent  if  tLe 
lops  in  a  manner  to  suggest  a  secondarj  myelitis,  sad  the 
of  the  growth  itself  is  slow. 
ENT. — Possibly  in  a  few  cases  a  growth  may  be  so  placed  ii 
reokOFed,  and  an  exploratory  operation  would  be  ]u«ti£ftble  is 
■08  that  might  prove  suitable ;  otherwise  treatment  must  neaei- 
be  confined  to  the  relief  of  pain,  and  to  the  aroidanoe  of  M- 
and  other  results  of  the  cord  disease.     Morphia  is  alone  powsrfal 
Sir  tbe  rehef   of  pain,  but  unhappily  the  dose  has  to  be  qiueklj 
and  the  power  of  the  drug  is  lessened  by  custom.     It 
a  race  between  dose  and  pain,  in  which,  if  life  lasts  long,  Hhe 
|Mft  not  uncommonly  gets  in  front  of  the  narcotic.     Cocaine*  howstv. 
affords  some  relief  in  many  cases,  and  may»  with  other  anodynfls,  it 
prolong  the  influence  of  moderate  doses  of  morphiih 
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( 


Exostoses  sometimes  grow  from  the  bodies  of  the  Tertebrn^  into  thi 
iphaal  canal,  and  may  compress  the  cord  or  nerves*     Thej  are*  hov* 
ever,  exceedingly  rare.     The  symptoms  may  be  those  of  slow  compn*- 
iion  of  the  cord,  or  of  irritation,  expressed  chiefly  by  pain.     *Qi9 
usually  resemble  those  of  a  tumour  of  the  cord  or  membranes  ratbtf 
than  of  the  bones,  but  the  pain  is  occasionally  much  increased  by  movSi 
ment.     Their  chief  character  is  tio  it  extreme  chronicity.     In  one  eMi 
the  patient  suHered  frequent  intense  paroxysms  of  pain  in  the  right  ■ 
^roin,  which  had  persisted  for  two  years,  with  occasional  intervaU  of  m 
freedom.    There  was  some  weakness  of  the  legs,  but  no  coasidfetiUel 
pAfalysis.     Ten  years  before,  he  had  had  some  loss  of  sensibility  in  V 
•neh  thigh,  which  had  passed  away.     An  intra-spinal  tumour  wu 
diagnosed ;  the  post-mortem  examination  revealed  exostoses  from  the; 
bodies  of  the  ninth  and  tenth  dorsal  Tertebne,  slightly  compresnif 
the  cord<     Although  extreme   chronicity  may  raise  a  suspickm  df 
exostosis,  it  is  doubtful  whether  a  confldent  diagnosis  ia  erer  jusIsM 
except  in  the  cases  in  which  there  are  similar  exostoses  eliewhw i 
This  rare  indication  existed  in  a  patient,  under  the  care  of  my  edU 
It^ue  Dr.  Barlow,  who  presented  multiple  exostoses,  and  p«rm; 
of  gradual  onset,  which  was  supposed  during  life,  and  fonad 
death,  to  be  due  to  a  similar  exostosis  within  the  spinal  canal.     It  hkd. 
sprung  from  one  of  the  lumbar  yertebree,  and  had  compressed  the 
aerves  of  the  cauda  equina. 

Exostoses  constitute  a  more  promising  field  for  the  sorgMiii 
of  vertebral  tumour.     Many  of  them  are  so  piftoed 
lOTsl  is  feasible.      If   situated   in   frxjnt   of   the  cord,  t 
of  some  nerve-roots,  at   least  in  the  dorsal  region, 
to  the  growth. 
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ouriM  of  title  bodies  of  the  vertebrse  is  a  rare  variety,  the 
fpzipioDUi  of  which  do  not  differ  from  thoae  of  the  scrof uIoub  form. 
It  has  been  obeenred  in  ^e  cervicnl  region,  Becondary  to  deep  gjphilitic 
vloBEfttion  of  the  pharynx.  Nodes  of  the  vertebrse,  within  the  canal, 
•m  ooeaoonaUy  presumed  to  exist  and  to  compress  the  cord,  bnt  I  do 
Aot  know  of  ajiy  pathological  obseryation  confirming  the  assumption. 
and  it  ifl  probable  that  most  of  the  supposed  instanoes  have  been  cases 
of  syj'hilitic  gummata  m  the  meninges.  Deep-eeated  thickening  of 
the  tissues  about  the  cer%-iciil  vertebne  sometimee  occurs  in  syphilitic 
•ubjecto*  It  may  derelop  on  one  side  or  both,  and  is  apparently  due 
u>  a  syphilitic  oeOiilitis.  The  swelling  may  be  felt  either  on  each  side 
and  behind  the  upper  cerrical  spine,  or  deep  in  the  posterior  triangle 
of  tbe  neck.  It  may  damage  the  nerves  before  they  enter  the  brachial 
plexus,  causing  a  defined  palsy,  as  in  one  case  of  the  lower  arm 
■nneiai;.  Movements  of  the  neck  may  be  interfered  with,  and  irrita- 
tion of  the  nerree  may  cause  neuralgia-like  pain,  generally  felt  down 
the  arm,  and  often  very  severe.  Except  by  the  absence  of  noduk- 
tka^il  ii  scarcely  to  be  distinguished  from  a  deep-seated  growth. 
riie  ^mxal  cord  does  not  usually  suffer.  All  the  symptoms  pass  away 
aader  antisyphilitio  treatment.  In  one  laie  case,  however,  iodide 
had  mo  influence,  although  mercury  quickly  cured* 


EaOSION  BT  AjTKumisii. 

Hke  other  structures,  may  atrophy  and  waste  before  the 
of  an  aneurism,  and  the  bodies  of  the  dorsal,  or  rarely  of 
the  lumbar  vertebne  may  be  thus  eroded  by  aneurisms  of  the  aorta. 
The  pieinre  and  absorption  take  place  from  the  left  side.  Two  or 
three  vortebne  usually  suffer,  and  the  bodies  more  than  the  inter- 
vertebral cartilages.  The  periosteum  becomes  thickened,  and  may 
the  pressure  and  to  some  extent  protect  the  cord.  Sometimes. 
jTer.  the  cord  becomes  compressed,  or  the  periosteum  may  come 
form  part  of  the  waU  of  the  anetirism,  and  may  give  way  before 
th«  blood-pressure,  so  that  rupture  oooura  into  the  spinal  canaL 
Tlie  symptoms  vary  much.  Pain  along  the  nerve-roots  is  usually 
but  this  may  attend  aneurisms  that  merely  compress  the  nerves 
tbeir  emergence,  and  do  not  damage  the  bone.  The  process  of 
is  usually  attended  by  severe  pain  in  the  spine.  But  in  the 
caae  of  a  patient  under  the  care  of  Dr.  Hughbngs  Jackson,  an  aneurism 
of  ibe  arch  of  the  aorta  had  eroded  the  spinal  column,  caused  pressure 
ntlvlHis,  which  gare  rise  to  complete  paraplegia  and  paralysis  of  the 
•{ilitBetera.  without  causing  any  pain.  The  patient  died  of  kidney 
^wmmt  Mooiidary  to  cystitis.  When  the  cord  is  reached,  compres- 
■MHi  CKBMt  the  usual  paraplegic  symptoms,  of  slow  or  rapid  onset. 
Euptore  into  the  canal  is  attended  by  sudden  complete  paraplegia  and 
?0L.  u  20 
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death,  either  immediate,  or  in  the  csourse  of  a  few  hours,  from  ascending 
paralysis,  due  to  the  hsemorrhage  around  the  spinal  cord. 

The  diagnosis  ia  scarcely  possible  unless  other  indicatioafl  of 
anemia m  are  detected,  since  the  symptoms  closely  resemble  those  of  a 
growth  in  the  bone.  The  nature  of  the  disease  may,  howevtr.  be 
suspected  if  such  symptoms  els  have  been  described  are  sueoeeded  by 
sudden  paraplegia  followed  quickly  by  ascending  paralysis. 


Hydatid  Disease. 

Hyi3&tid  cysts  sometimes  develop  in  the  loose  adipose  tissue 
between  the  dura  mater  and  the  bone,  and  it  is  believed  that  tho> 
sometimes  form  in  the  subsUnce  of  the  bones  themselves.  About 
a  dozen  cases  have  been  collected  by  Leyden,*  As  the  cyst  grows, 
the  bone  of  the  arches  sometimes  becomes  atrophied  by  pressure,  and 
the  cyst  may  develop  outside  the  canal,  so  that  there  is  a  double 
cyst,  outside  and  inside,  counected  by  a  narrower  part.  Occasionally 
the  cyst  develops  also  in  front  of  the  spine,  in  the  thorax  or  abdomen. 
The  internal  cyst  necessarily  compresses  the  spinal  cord,  which  often 
also  becomes  inflamed.  The  usual  paraplej^nc  symptoms  develop,  both 
motion  and  sensation  being  usually  lost.  Eadiating  pains  along  the 
nerve-roots  are  frequent.  The  symptomg,  in  thoinsclves,  resemble  too 
closely  those  caused  by  other  diseases  of  the  spinal  column  to  permit 
a  diagnosis  to  be  made,  unless  similar  disease  elsewhere  suggests  the 
nature  of  the  spinal  lesion,  or  unless  the  cyst  can  be  felt  in  the  back, 
when  a  puncture  may  prove  its  nature.  All  the  cases  hitherto  recorded 
have  terminated  fatally,  but  if  removal  can  be  effected  a  cure  may  be 
possible.  In  one  case,  however,  a  girl  aged  twenty-two,  in  whom  a 
small  tumour  beside  the  last  dorsal  and  Erst  lumbar  spines  was  opened 
(on  account  of  complete  palsy  of  legs,  bladder,  and  rectum),  a  eon- 
tinuoiu  discharge  of  echinococcus  cysts  occurred,  more  than  a  hmidrt>d 
escaping  in  the  course  of  four  months,  when  the  patient  died  in  conse- 
quence of  ascending  damage  to  the  cord.  The  tumour  had  been  noticed 
for  eight  years  before  death,  during  four  of  which  it  produced  sym* 
ptoms  of  irritation  of  the  nerves,  and  finally  prominence  of  the 
vertebral  spines  developethf  But  in  a  case  under  my  care,  with  sym- 
ptoms of  an  intra- spinal  tumour  in  the  lumbar  region,  Mr.  Horsley 
trephined  the  spine  and  found  a  quantity  of  hydatid  cysts  compi-essing 
the  cord.  These  were  removed,  and  the  patient  recovered,  but  the 
damage  was  too  great  to  allow  the  recovery  of  the  extejisive  atrophic 
paralysis  produced  in  the  right  thigh  aud  hip  muscles. 

KumerouB  small  cysticercal  vesicles  have  also  been  occasionally 
found  within  the  dura-matral  sheath.  In  one  case  several  such 
vesicles  were  attached  to  nerve-roots,  one  to  each,  in  the  lumbar 
region,  while  a  considerable  number  on  the  cervical  enlargement  were 

•  'KUink  dtr  liucktmiu.  Kraiikli./  Baud  i. 
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bencatli  tli©  pia  arachnoid,*  Such  cysts  may  compre«a  the  co»d» 
producing  paraplegia,  and  even  death.  As  in  other  forma  of  com- 
prossioOff  tha  paraplegia  maj  coma  on  fiuddenlj.f 


BiBBASBH    OF   THS   ArTTCULATIONB. 

Latebjx  CuKTATTJfiB  OF  THE  SpiiTB  Seldom  affects  the  functions 
of  the  cord.  Even  when  alight  compression  haa  occurred,  the  slow- 
nesa  of  its  production  has  apparently  prevent-ed  interference  with 
function.  In  very  rare  cases  some  weakness  of  the  legs  has  been 
present,  possibly,  but  not  certainly,  the  result  of  the  curvature.  0€4:a- 
eionally  the  intervertebml  foramina  have  been  narrowed,  and  the 
presaure  on  the  nerves  has  caused  radiating  neuralgic  pains. 

Vkbtsibeal  Aethritis. — In  chronic  rheumatoid  arthritis  the  inter- 
vertebral articulations  are  Bometimes  involved.  The  symptoms  are 
local  pain,  tenderness,  and  limitation  of  movement,  which  may  go 
on  to  absolute  fixation,  especially  m  the  cervical  re^on,  if  anchy- 
losis occurs.  I  have  known  the  whole  neck  to  be  rigid  from  this 
cause,  in  a  case  in.  which  also  the  movement  of  the  lower  jaw  was 
much  reduced.  More  frequently,  movement  is  restricted  by  pain 
before  the  mechanical  limit  is  reached.  Sometimes  an  occasional 
cltcking  sound  occurs.  Enlargement  of  the  ends  of  thf»  bones  may 
occur,  and,  in  thin  p«>rsons,  may  even  be  felt.  The  pain  is  increased 
by  movement,  and  often  by  changes  in  the  weather,  aod  by  fatigue. 
It  is  oft-en  felt  thrc>ugh  a  considerable  extent  of  the  spine,  and  may 
extend  to  the  back  of  the  hea<i  The  cord  is  scarcely  ever  compressed, 
but  the  nazTOwing  of  the  foramina  may  damage  the  nerve-roots.  The 
artleular  proceiaes,  it  will  be  remembered,  form  one  side  of  the  inter- 
vertebral foramina,  which  are  thus  encroached  on  by  any  enlargement 
of  the  bones.  The  nerves  may  thus  be  compressed  and  irritated,  and 
radiating  pains  are  produced,  sometimes  even  a  descending  neuritis. 
The  nerve-trunks  in  the  limbs  may  then  become  tender  as  weE  as 
painful;  muscular  atrophy  may  even  occur,  and,  when  the  disease  is 
in  the  cervical  region,  there  may  be  symptoms  of  disturbance  of  the 
aympathetic.  Spasmodic  torticoUia  is  said  to  have  been  caused  by 
this  disease  in  the  cervical  region.  The  atlo-occipital  articulation 
has  been  affected  alone,  or  with  the  adjacent  vertebra?,  and  peculiar 
interference  with  the  movement  of  the  head  has  resulted.  Sometimes 
the  foramen  magnum  is  narrowed,  or  the  odontoid  proKjess  projects 
into  the  canal.  Symptoms  of  damage  to  the  nerves  of  the  medullii 
have  also  been  produced  (Solbrig).  In  the  dorsal  region  the  sym- 
ptoms produced  are  slighter  in  degree,  but  similar  in  general  cha- 

•  Hirt,  '  BerL  kl.  Wochen«chr.,*  1887,  No.  8.  Th«  relmion  of  tlie  aymptoin*  to 
the  paroiitic  di^('a<^i}  h  doubtful  in  a  degree  that  makes  it  uaelenH  bo  mentiou  them, 

t  A*i  in  a  cue  recorded  hy  Wlcgand  ('  W&rA&w  Med.  Ob.|'  mud  *  Cest.  I.  Nerv.,' 
1868,  665). 
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OF  THE  SPINAL  COBD. 

jranea  of  the  spinal  cord  has 

pia  mater  closely  invests  the 

sheath  aroimd  it,  and  the  two 

ftnd  membranous  expansions  of 

B  "  siibarucbnoid  space."     Each 

-,^«.i  by  a  layer  of  epithelium.     The 

>ifldauoua  with  this  membrane ;  the 

.^  g^th,  ia  c^jntinuous  with  botb  the 

^inKvefisels  of  the  cord  ramify,  as  we 

^  'jt0  Ivmphivtio  canals  of  tbe  two  are 

^j^i^uuoJ  fluid  within  the  vertebral 

^gfM  space,  hut  there  is  a  little  fluid 

^  tiadiuoid,     Botb  membranes  are 

^  ^  the  pia  mater  are  tbe  more  abun- 

,^t^m  the  membranes  are  chiefly  three 
^^jnation,     Ihimours  of  the  mem- 
^j^  in  connection  with  those  of  the 
^giprrhage  will  be  here  described. 
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an  acute  inflammation,  wKlch  rrmr  spread  widely.  An  ascending 
neuritis  lias  been  supposed  in  some  cases  to  set  up  local  mflammation. 
Suppuration  adjacent  to  the  vertebral  coluum  ia  sometimea  asaooiated 
with  a  general  acute  purulent  meningitis,  and  baa  generally  been 
regarded  aa  tbe  cause  of  tbe  latter;  but  careful  observations  hare 
rendered  it  probable  that  in  most  cases  tlie  external  suppuration  has 
been  the  consequence,  and  not  the  cause,  of  the  meningitis.  It  is 
certain  that  acute  general  external  meningitis  occurs  as  a  primary 
dia&BJse,  and  may  run  an  intensely  rapid  course  with  profuse  suppura- 
tion between  the  membnine  and  the  bone.  The  subjects  have  gene- 
rally been  young,  Hi-nourished  adults,  and  when  any  exciting  cause 
hiLB  been  traced,  this  has  usually  been  exposure  to  cold.  In  some 
cases  the  pus  has  worked  its  way  backwards  between  the  vertebral 
arches  (sometimes  through  the  foramina),  and  has  spread  among  the 
mnacles  of  the  back,  sometimes  forming  also  collections  at  one  or 
more  spots,  either  at  the  back  or  in  front  of  the  spuie, — under  the 
pleura,  for  instance,  or  beliind  the  peritoneum.  Such  lo<?al  collec- 
tions of  pus  were  also  formerly  regarded  as  the  cause  of  the  menin- 
gitis. It  is  still  possible  that  this  mechanism  is  effective  in  some 
instances,  as  when  a  retro- pharyngeal  abs^jess  is  followed  by  th© 
meningeal  affection ;  but  it  is  ceiiain  that  in  many  cases  the  actual 
relation  is  the  reverse,  and  that  the  external  suppuration,  in  acute 
cases,  is  often  secondary.*  Hence  it  is  probable  that  this  is  true  of 
all  cases  in  which  the  evidence  of  primary  external  disease  is  not  con* 
elusive.  At  the  same  time  further  observations  are  needed  to  decide 
the  point. 

pATHOtoaiOAL  Anatomy. — The  inflammation  is  sometimes  simple, 
but  much  more  frequently  punilent  or  semi-purulent.  If  simple,  the 
dura  mater  may  be  merely  reddened  and  opaque,  with  a  little  lymph 
on  the  surface ;  when  purulent,  the  surface  is  covere*i  by  a  layer  of 
pus.  In  the  more  common  semi-purulent  form,  such  as  is  common  in 
caries  of  the  spine,  a  layer  of  inflammatory  products  covers  the  outer 
ffurface  of  the  dura  mater,  soft,  semi- caseous  or  firm  caseous  material, 
sometimes  with  liquid  pus  here  and  there  in  the  firmer  subst-ance. 
Often  the  inflammatory  products  undergo  develoijment  into  fibroi  1 
tissue,  a  mass  of  which  then  lies  between  the  dura  mater  and  the 
bones.  Such  a  layer,  caseous  or  fibroid,  may  sometimes  be  half  an 
inch  thick  (see  Fig.  92»  p.  288).  It  may  either  surround  the  dura 
mater,  or  be  chiefly  on  one  side.  Sometimes  there  is  an  irregular 
nodular  thickening  of  the  outer  layer  of  the  membrane  (Fig.  93).  In 
most  cases  the  inner  surface  is  normal,  even  when  the  cord  itself  is 
inflamed.  Occasionally  the  inner  surface  of  the  dura  mater  is  also 
inflamed,  and  then  the  internal  membranes  are  involved  and  adhe- 
sions form  between  them. 

In  all  forms  of  external  inflammation,  the  fat  outside  the  dura 

•  Two  matroctivo  cii*e«  are  rticonled  by  Dr,  W.  H,  Spencer,  *  L«ucet,*  1879,  »ol.  i, 
ftQ<}  Dr.  Maguire,  ib.,  18b8,  vol.  ii. 
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when  seconrlary  to 


mater  quicMy  become^"  absorbed,  and  the  membrane  may  ultimately 
become  adherent  to  the  bone,  or  connected  with  it  bj  int+frvening 
fibrous  tifisue  of  inflammatory  origin. 

The  Terfcical  extent  oi  the  disease  varies  much 
caiies  the  inflammation  is  usually  limited  to 
the  neighbourhood  of  the  bone  disease.  When 
acute  and  j^eneral,  as  in  the  primary  form,  the 
space  between  the  membrane  and  the  bone  is 
filled  with  pna  through  the  whole  leu^'th  of  the 
caual.  Occasionally  the  pus  only  lies  behind 
the  membrane,  between  it  and  the  arches  of 
the  vertebras,  apparently  determined  in  posi- 
tion by  gravitation.  It  oe^^ses  in  the  upper 
cervical  region,  whore  the  dura  mater  is  in 
closer  contact  with  the  bone,  its  ascent  bein-^ 
perhaps  also  hindered  by  gravitation  as  tiie 
patient  lies  with  the  head  raised.  As  already 
■tated,  pua  is  often  found  among  the  muscles 
of  the  back  (having  escaped  betw*>eu  the 
arches),  and  sometimes  collections  are  found 
in  front  of  the  spine  The  amount  outside  is 
BO  doubt  increased  rapidly  by  the  local  suppu- 
ration excited  by  the  presence  of  the  pus.  In 
these  cases  the  membrane  itself  is  swollen,  and 
has  a  sodden  aspect^  resembling  a  piece  of 
wash-leather,  being  softened  in  proportion  to 
the  duration  of  the  affection.  The  inner  sur- 
face is  usually  normal,  and  the  pia  mater  is 
either  unchanged  or  merely  congested. 

Symptoms.— In  different  cases  of  external 
meningitis  the  symptoms  vary  much,  and  they 
are  usually  comphcated  witli  those  of  the 
cause  of  the  inflammation.  Those  that  occur 
in  caries  have  been  already  described-  In 
most  acute  cases  the  symptoms  are  nearly  the  same  as  those  of 
internal  meningitis,  although  they  are  subject  to  greater  variations, 
and  more  frequently  have  unusual  and  anomalous  manifestations, 
presently  to  be  described.  The  chief  symptoms  arc  pain  in  the 
back,  often  referred  to  the  loins,  increased  by  movement,  accom- 
panied by  stiffncaa  of  the  muscles  of  the  spine,  severe  root-pains,  and 
cutaneous  hypt^rsesthesia.  The  pains  are  usually  associated  with 
spasm  ;  the  hypensesthesia  may  be  followed  by  anffisthesia,  and  some- 
timefl  by  paralysis  of  the  muscles  supplied  by  the  irritated  and 
damaged  nerves.  When  there  is  a  rapid  formation  of  pus,  the  func- 
tions of  the  cord  itself  are  rapidly  interfered  with  in  consequence  of 
its  compression,  and  the  gymptoms  of  irriliition  are  to  a  large  extent 
replaced  by  those  of  paralyt^is,  beginning  in  the  legs  and  ascending. 


FiG,&3  —  KxttTiml  puchy- 
iTivniiigttia ;  Dodultir 
thickening  of  oiittfT 
Ukyer  of  dura  muter  in 
coHph  of  tliQ  spine. 
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The  motor  palsy  is  accompanied  by  flacddity  of  the  musclet  «&d  lo« 
of  all  reflex  actions.  Sensation  may  also  be  lost^  or  may  be  |in>scn^ 
or  changed.  The  sphincters  aj-e  usually  paralysed.  Bedsores  form 
rapidly  if  life  is  sufficiently  prolonged.  A  peculiar  lividity  of  the  skia 
has  been  sometimes  noted.  In  these  acute  cases  there  it  much 
cox^stitutional  disturbance,  rigors,  profuse  sweating,  and  high  ferer.  :u 
one  case  amounting  to  llO*'  (Maguire). 

In  local  secondary  forms  the  symptoms  differ  in  character  a.^nni  .♦ 
to  the  acuteness  of  the  inflammation,  and  in  distribtjtion  ac4!ordin£;  to 
its  s^at.  Although,  as  a  rule,  pain  is  considerable,  other  sigtm  ■<£ 
irritation,  stiffness  and  muscular  spasm,  are  generally  inconspicuous 
and  the  symptoms  resemble,  and  are  merged  in,  thoM  due  to  the 
disease  by  which  the  meningitis  is  produced, 

Blionosis.— The  most  important  indicatiouB  of  the  chronic  form 
are  the  vertobral  pain  and  the  radiating  pains,  with  othrr  symptoaif 
of  irritation  of  the  nerve- roots,  combined  with  the  signs  of  presvure 
on  the  cord.  These  symptoms  are  seldom  distinct  from  thoM  of  tht 
cause  of  the  oxtenml  inflammation ;  the  meningitis  is  indeed  the  duef 
mechanism  by  which  the  local  disease  causes  its  nerve  manifealaiMMia. 

The  acute  form  causes  symptoms  that  hare  much  in  common  with 
those  of  int4:^mal  meningitis.  It  is  indeed  doubtful  whether  the 
diagnosis  can  be  made  from  the  character  of  the  nerre  Bymptooft 
alone.  The  spedal  indication  of  the  seat  of  the  procees  ie  furnished 
by  evidence  of  its  extension  to  or  from  the  structuree  outside  the 
spine.  If  such  acute  symptoms  are  secondary  to  external  diseiaee  that 
clearly  preceded  the  meningeal  inflammation,  this  may  safely  be 
assumed  to  be  outside  the  dura  mater.  In  a  case  of  apparently 
primary  meningitis  a  careful  watch  should  be  kept  on  the  tissues  of 
the  Uack;  any  sign  of  deep  oedema  among  the  muscles  beside  the 
rertebral  column,  in  such  a  case,  is  probable  evidence  of  coaunencuup 
puruLlent  inflammation  extending  from  within,  and  the  development  of 
acute  local  inflammation  in  either  the  pleura,  posterior  mediastinum, 
back  of  the  abdomen,  or  behind  the  pharynx,  has  the  san  ■ 
canee.     It  is  important  that  the  nature  of  such  symptoms  ^  ►* 

kept  in  mind,  as  otherwise  the  occurrence  increases  the  petpkadit^ 
cbxuiicter  of  the  case.  It  is  probable  that  the  nature  of  maay  resn. 
which  remain  undecided  during  life,  would  be  xendered  clear  by 
repeated  careful  observation. 

Pboonosis. — The  acute  affection  is  exceedingly  gmTeu  Kecovtled 
caMfl  have  ended  in  death,  but  tliis  termination  has  been  a  ooDdit»oii 
of  the  diagnosis ;  and  it  is  possible  that  some  caaes  which  have 
recovered,  in  which  the  exact  seat  of  the  inflammation  was  unoertatA, 
may  have  been  instances  of  this  form,  and  that  the  fatality  of  the 
disease  may  not  be  so  great  as  published  facts  suggest  But  on  tbi^i 
point  only  future  observations  can  throw  light.  Chronic  esitcraal 
meningitis  which  results  from  caries  is  only  serious  in  the 
sion  it  exerts  on  the  cord. 


r 


314  6FINAL    HEMBltASES. 

puncture  of  tlie  MiO  m  spina  Mfiili^.  (2)  The  eiposure  of  the  back  to 
oold  has  been  the  apparent  cause  in  rare  cases ;  and  still  more  larelj 
tho  prolonged  exposure  of  the  spine  to  the  sun,  "  spinal  insolatioii.** 
haa  leemedto  he  efTectire,  (3)  Adjacent  in^ammation  has  soioetimee 
caused  internal  meningitis,  but  in  such  eates  external  meningitis  bne 
of  necessity  been  first  produced,  and  the  inflammMion  has  passed 
thn)ugh  the  dura  nmter.  Hence  all  the  causes  of  acuie  externa] 
moningitii  axe  also  occasional  causes  of  the  internal  fonn.  But,  a^  a!* 
rt^ady  stated,  imch  extension  through  the  sheath  is  ^017  rare,  and  there 
in  some  doubt  as  to  the  precise  nature  of  many  of  the  caaes  in  which  it 
has  been  supposed  to  occur.  "We  haTe  seen  that  in  many  of  the 
instanoee  in  which  external  meningiiis  has  been  aaeribed  to  adjacent 
suppuration,  the  latter  has  been  seoondarj,  and  the  meningitis  has 
been  the  result  of  a  primary  blood-state.  When  in  such  cases  there 
has  been  both  internal  and  external  meningitis,  it  is  probable  that  the 
former  has  not  been  due  to  actual  extension  through  the  dura  mater, 
but  that  both  have  been  the  simultaneous  result  of  a  general  cause* 

(b)  In  a  few  cases  acute  internal  meningitis  is  due  to  the  extension 
of  inflammation  from  the  cerebral  membmues.  Such  extension  is 
ruwly  traced,  however,  except  in  two  classes  of  cases  i — (1)  Those  in 
which  slight  meningitis  is  found  in  the  upper  cervical  region,  as  far 
a«  gravitatitm  favours  the  descent  of  solid  particles  in  the  cerebro- 
spinal fluid  a«  the  patient  Lies  in  bed.  The  inflammation  ceases  when 
tlu)  spine  lMM>omes  horizontal :  for  the  most-  part  symptoms  are  slight 
or  alment  in  such  cases.  (2)  In  cases  in  which  a  general  spinal 
unMiiugitis  has  been  secondary  in  point  of  time  to  inflammation  of  the 
iuui^liral  membranes  the  affection  has  generally  been  due  to  some 
cjuiMtj  (Capable  of  acting  upon  both,  such  as  the  local  presence  of 
hilxnh^s  or  a  morbid  blood-state  of  the  character  to  be  immediatelT 

(infill  iolllHl, 

(u)  Th(<  most  acute  and  severe  forms  of  internal  meningitis  are 
iluit  Ui  a  nuirbid  blood-state,  either  septicaemia  or  a  virus  allied  to  that 
winch  <^a\n*t<M  the  cerebro-spinal  form.  Purulent  meningitis  occurs  in 
t  ah«iii  itt  surgical  and  puerperal  septicBemia,  both  with  and  apart  from 
it  hliuiliir  affection  of  the  cerebral  membranes.  Acute  inflammation, 
|.i(nilt«iit  wlion  intense  and  prolonged,  occurs  also  as  an  isolated 
in.ilH«ly,  soun^times  without  apparent  exciting  cause,  sometimes  after 
.  ^|.ni5uri»  to  cold.  In  such  cases  organisms  have  been  f oimd  in  the 
.  |.iiml  Hiiids,  analogous  to  those  of  the  cerebro-spinal  form,  in  connec- 
11 -ti  \\\{\i  which  the  pathological  relations  will  be  more  fully  con- 
oi.l.nd.  It  probably  results  from  a  blood-state  not  far  removed 
ii  .m  ihuHu  which  cause  some  other  forms  of  internal  inflammation, 
.in  I  u  hich  ^avt*  rise  to  acute  articular  rheumatism,  deneral  exposiuie 
i,.  ..i.l.l  (uiittt  Wy  assumed  to  cause  so  special  an  effect  only  through 
ili>  .tmiuiiy  of  U)xa»mia,  such  as  that  which  has  been  already  con- 
^iilrn  «l  4«*  muliM'lying  the  rheumatic  form  of  acute  polyneuritis.  Such 
I  *|.,iouii)  ha*  Ikhju  apparently  rendered  effective  in  some  instances  by 
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■  coincideiit  menstniation,  wliicTi  maj  have  produced  a  epecial  siiscepti- 
I      bility  to  the  attack,  or  favourable  conditions  for  the  development  of 

■  BQme  organised  virus,  such  as  seems  to  be  the  essential  factor  in  the 
I      causation  of  these  forms.     The  exposure  to  cold  that  has  been  effective 

luL8  presented  all  the  variations  that  are  met  with  in  the  case  of 
other  diseases  thus  produced,  variations  which  are  common  to  so 
man  J  maladiea  thafc  thej  can  have  no  special  relation  to  any  one  of 

»them.  Lastly,  as  a  crucial  example  of  this  orig-in  of  the  disease,  is 
the  important  fact  that  it  may  follow,  or  occur  in  the  course  of,  certaiu 
acute  specific  diseases,  as  one  consequence  of  the  virus  that  produces 
them, 

Patholooical  Akatomt. — Internal  meningitis  is  usually  of  wide 
extent,  since  the  inBammation  spreads  readily  in  the  loose  tissue  of 
the  arachnoid.  Probably  also  the  movement  of  the  cerebro- spinal 
fluid  aids  in  the  extension  of  local  forms  and  in  the  descent  of  intra- 
cranial inflammation  by  conveying  irritant  material  In  the  case  of  a 
patient  who  had  been  in  Wd  for  some  time  the  precise  level  at  which 
such  slight  descending  meningitis  ceases  may  be  that  at  which  the 
vertebral  column  becomes  horizontal.  In  the  earliest  stage  the  only 
change  is  congestion  in  the  pia  mater,  which  is  reddened  from  vascu- 
larity, and  may  be  dotted  with  ecchjrmoses.  The  inner  surface  of  the 
dura  mater,  and  the  sul^stance  of  the  spinal  cord,  muy  be  similarly  con- 
gested- When  the  inEammation  Is  further  advanced,  in  the  stage  in 
which  the  condition  most  often  comes  under  observation,  the  pia 
mater  and  anichnoid  are  opaque  and  thickened,  and  on  "  eiudatirm  " 
of  inflammat4^)ry  pniducts,  greyish  yellow  in  tint,  may  cover  the 
pia  mater  and  occupy  the  meshes  of  the  aradmoid,  forming  a  layer 
over  the  cord.  This  exudation  varies  in  its  consistence,  and  may 
be  semi -purulent  in  aspect;  in  the  suppurative  form  the  membranes 
are  infiltrated  with  pus,  which  also  covers  their  surface.  The  inner 
surface  of  the  dura  mater  usually  presents  similar  changes,  and 
the  inflummatory  products  may  fill  up  the  whole  space  betwt^u 
the  dura  and  pia  mater,  thus  connecting  the  two  membranes  and 
surrounding  the  nerve-roots  (Fig.  94).  The  microscope  shows 
abundant  leucocytal  elements,  and  the  larger  round  and  spuidle  ceUs 
that  are  c<uiiinon  in  all  inflammatory  products.  The  former  corpuscles, 
which  resemble,  and  are  probably  identical  with  pus-corpuscles,  may 
be  abundant,  even  when  the  exudation  has  not  a  distinctly  purulent 
aspect;  when  it  has,  they  constitute  almost  the  whole  of  the  material, 
lying  among  the  fibres  of  the  arachnoid  (Fig.  95).  The  vessels  are 
dilated,  and  their  sheaths  distended  with  cells.  The  spinal  fluid  is 
increased  in  quantity,  and  turbid  from  flocculi,  or  even  purulent  in 
aspect.  The  nerve- roots  are  covered  with  exudation,  and  are  often 
swollen  and  reddened  from  invasion  by  the  inflammatiuu.  But  they 
do  not  always  sutler,  even  in  purulent  meningitis,  as  Fig.  95  shows,  in 
which  a  nerve-root  is  almost  norma!  in  aspect,  and  its  sheath  is 
unaffected,  although  it  is  surrounded  by  pus-cells.     The  spinal  cord 


FiG,  94l — Purulent  meningUU  j  portion  of  spinul  cord  and  meiabrancs ;  the  «p«M 
between  the  pia  mater  and  dura  innter  i«  occupied  by  iijflamroatory  prodiicU.  piii* 
&c.^  lu  which  the  fuTvi-rnoti*.  n  «,  are  embi'dded.  a  a.  Cavities  which  hnd 
appnreiitly  been  tilled  with  liquid  puB,  From  a  case  of  sepLia  ori^,  secoudiiry  (o 
c»rica  of  the  jaw. 

FlO.  95. — From  the  same  f  meabem  of  arachnoid  infiltratf^  wttb  pns-corpaaclai, 
A  nerve-root,  m,r.,  althoui^h  Korronndcd  hj  put, ii^  perfi^etly  ii'Trmal ;  aad  ao  alio 
the  pia  Dialer,^,  ro.,  aud  the  peripht^ral  kyar  of  the  opiual  uord.  «.«, 

other  forms  of  myelitis.  The  change  is  always  most  marted  in  tho 
periphery  of  the  cord^  and  may  occur  in  wedge-shaped  areas,  having 
the  apex  direeted  inwards,  and  coalescing  at  the  surface.  The  peri- 
pheral arterioles  come  from  the  pta  mater  (see  Vessels),  and  the 
continuation  of  their  perivascular  spaces  with  the  lymphatic  interstices 
of  the  membranes  renders  it  easy  to  understand  the  invasion  of  the 
cord.  Nevertheless  in  some  cases,  especially  of  purulent  meningitis, 
the  pia  mater  itself  is  little  affected,  even  when  the  arachnoid  ia  filled 
^nth  pus,  and  in  these  cases  the  spinal  cord  may  be  nonnal,  aa  in  the 
example  shown  in  Fig,  9'k  If  recovery  takes  place,  the  infliimmatory 
products  may  undergo  cicatricial  clianges,  the  membranes  remainin;^ 
opaque  and  adherent,  and  there  may  be  a  permanent  excess  of  arach- 
uoid  fluid.  The  changes  in  the  cord  may  lead  to  sclerosis,  widely 
spread,  or  limited  to  certain  Bpots,  and  from  these  secondary  degene- 
rations, ascending  and  descending,  may  develop. 

The  area  affected  varies  in  different  ciises  j  the  membranes  are 
involved  in  their  whole  extent  in  most  acute  forms.  Usually  the 
affection  is  greater  on  the  posterior  than  on  the  anterior  surface  i 
probably  on  account  of  the  influence  of  the  recumbent  posture,  which 
determines  the  passage  backwards  of  the  lymphatic  fluids  containing 
materiifcl  capable  of  exciting  and  increasing  the  inflammation. 


I 


I 


INTKRXAL  MENINGITIS. 

Ill  tubercular  inflammatioii  the  amount  of  eiudafion  i§  nsuallv 
small,  and  it  may  be  absent.  It  Ib  often  grej  and  gelatinous  in 
appearance,  and  in  it  are  scattered  the  grevish  or  wbitish  tubercular 
granulations.  Similar  granulations  may  usually  be  found  in  abundance 
upon  the  inner  surface  of  the  dura  mater.  Such  grey  granulations 
are  often  found  upon  the  epinal  membranes  in  cases  of  tuberculosis 
when  there  is  no  iniauimation,  even  when  the  cerebral  membranes 
are  intensely  inflamed.  The  arachnoid,  especiallj  that  covering  the 
Cauda  equina,  may  appeur  as  if  dusted  over  with  grey  particles,  so 
abundant  are  the  granulations. 

In  many  cases  the  signs  of  spinal  memngitis  are  associated  with 
those  of  inflammation  of  the  membranes  of  the  brain,  especially  of 
those  about  the  base  and  posterior  part  of  the  brain.  The  continuity 
of  the  spinal  and  cerebral  inflammation  may  be  obvious  or  indietiuet. 
In  the  latter  case  the  connecting  inflammation  has  apparently  been 
much  slighter  than  that  in  the  base  of  the  brain  or  around  the  cord, 
so  slight,  indeed,  as  to  have  left  no  distinct  traces,  the  inflamma- 
tion having  apparently  extended  in  consequence  of  the  passiit^e  of 
morbid  material  by  the  cerebro-spinal  fluid.  In  cases  of  slight  cere- 
bral meningitis,  in  which  the  patient  has  been  recuml>ent,  signs  of 
spinal  meningitis,  opacity  of  the  arachnoid  and  its  distension  with 
slightly  turbid  fluids  may  eiist  only  in  the  cervical  region,  c^^^asing 
opposite  the  upper  dorsal  vertebrae,  and  thus  extending  as  far  as 
gra-vitation  (the  head  being  slightly  raised  on  a  pHbw)  favoured 
the  descent  of  inflammatory  products.  But  in  the  violent  purulent 
cerebro-spinal  meningitis,  which  is  occasionally  produced  by  a  septic 
influence,  pus  around  the  cord  is  often  coutinuoua  with  that  whit-li 
batlies  the  base  of  the  brain.  In  a  case  of  this  kind,  in  which  the 
meningitis  was  secondary  to  acute  double  purident  otitis,  Leyden 
found  abundant  active  micrococci,  very  simflar  to  those  associated 
with  eiysipelas.  In  other  acute  cases  organisms  have  been  found 
sim^ilar  to  those  of  pneumonia,  and  met  with  also  in  the  epidemic 
cerebro-spinal  form. 

Symptoms.— Slight  pain  in  the  back,  and  malaise,  may  precede  the 
acute  onset  of  the  symptoms.  This  is  usually  marked  by  a  rigor,  by 
pyrexia,  and  by  severe  pain  in  the  back.  The  latter  varies  in  posi- 
tion according  to  the  locality  of  the  inflammation,  but  is  often  felt 
along  the  whole  extent  of  the  spine.  Pain  also  radiates  along  the 
distribution  of  the  nerves,  round  the  trunk,  or  to  the  eitreuiities. 
This  excentric  pain  is  parorysmal  and  intense ;  sharp,  darting,  burn- 
ing, or  constricting.  The  pain  in  the  back  is  usually  constant,  with 
exacerbations ►  It  Is  often  increased  by  movement,  usually  also  by 
pressure,  and  by  the  application  of  a  hot  sponge  to  the  skin.  It  is  no 
doubt  due  to  the  irritation  of  the  inflamed  meninges,  while  the  radi- 
ating pom  is  produced  by  the  in-itation  of  the  sensory  nerve-roots. 

Muscular  spasm  usually  comes  on  at  the  same  time  as  the  pain. 
It  shows  itself  first  in  rigidity  of  the  muscles  of  the  back»  most 
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iiiErked»  if  tlie  inflammation  is  local,  in  the  neigliboxtrliood  of  tlie 
inflamed  part.  This  rigidity  Is  an  important  and  characteristic 
fc^inp^tom.  It  is  often  first  observed  in  the  neck,  prolmbly  on  account 
of  the  mobility  of  the  part.  When  slight  it  may  merely  cause 
retraction  of  the  head,  or  etiffness  of  the  back,  or  may  be  so  general 
and  BO  severe  as  to  canse  opisthotonos,  resembling  that  of  tetanus. 
The  spasm  usually  inTolves  also  other  trunk  muscles*  especially 
those  of  the  abdomen,  which  become  hard  and  cramped.  The  limbs 
also  become  rigid,  and  painful  cramp-like  spasms  occur  in  fHflm, 
usptx'ially  on  attt-mpta  to  move.  The  spasm  is  probably  partly  due  to 
the  irritation  of  the  motor  nerve- roots,  and  is  partly  reflex,  from  the 
irritat  ion  of  the  sensory  roots  and  the  nerves  of  the  pia  mater.  There  i  s 
usually  great  hypenesthesia  of  the  skin  to  all  forms  of  Btimolation,  and 
also  increased  sensitivenees  of  the  muscles,  especially  in  the  lower 
limbs.  Pressure  on  the  arms  may  cause  no  uneasiness,  while  a 
similar  pressure  on  the  legs  occasions  great  pain«  Keflex  action  i^i 
usually  increased  at  the  beginning.  Constipation  is  common,  and  so 
is  retention  of  urine,  in  spite  of  irritable  attempts  to  empty  the 
bladder— the  result,  apparently,  of  spasm  of  its  muscles,  including 
the  sphincter,  which  resists  the  action  of  the  detrusor.  Dyspnoea 
may  result  from  the  spasm  of  the  thoracic  muscles,  and  may  be 
almost  suifoeating  in  its  severity.  The  pnlse  may  be  frequent  or 
retarded,  Tlie  temperature  is  raised,  sometimes,  however,  to  only  a 
slight  degree.  Cerebral  symptoms,  headache,  delirium,  coma,  occur 
when  inflammation  has  extended  within  the  skull.  The  "Cheyne- 
Stokes  breathing  "  may  be  present,  from  implication  of  the  medulla. 
The  f  miction  of  the  vaso-motor  nerves  (which  leave  the  cord  by  many 
of  the  anterior  roots )  is  also  deranged;  the  dilatation  of  the  vessels, 
that  follows  a  stroke  on  the  skin  of  the  trunk,  is  excessive  and  pro- 
longed (meningeal  streak,  tacJie  sjnnale). 

As  the  disease  progresses,  the  symptoms  of  irritation  give  place  to 
those  of  paralysis,  which  may  be  most  marked  where  the  rigidity  wat 
greatest.     The  limbs  become  relaxed,  and  feeble  or  powerless.     Sensi- 
bility becomes  lessened  or  lost.     Keflex  action  disappears,  the  mi»-  j 
cular  power  in  the  limbs  becomes   so  reduced  that  the  patient  is  j 
scarcely  able  to  move ;  the  heart  shares  the  universal  prostration,  and          i 
death  may  occur  from  asthenia,  or  from  paralysis  of  the  respiratoiT          i 
muscles.     Towards  the  end  there  is  sometimes  considerable  rise  of          j 
temperature.    In  some  cases  the  symptoms  become  less  progressive 
and  the  disease  passes  into  a  less  acute  stage ;  the  pains  persist,  the 
loas  of  power  continues  and  may  even  slowly  increase.    Death  may 
occur,  after  weeks  of  suffering,  from  the  effects  of  bedsores  or  from          j 
secondaiy  kidney  disease,  due  to  the  retention  of  urine,  and  facilitated 
hj  trophic  derangement*     On  the  other  hand,  in  slight  cases,  the  signs 
of  irritation  may  lessen   and  pass  away,  while   those  of   structural 
damage,  paralysis  and  anaesthesia,  may  remain,  and  to  these  may  be 
lidded  muscular  atrophy  and  contractures,  from  the  secondary  consei 
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quences  of  the  lesions  of  the  nerve-roots.  Such  persistent  symptoms 
Tary  much  in  extent  and  degree,  according  to  the  position  and  intensity 
of  the  morbid  process .  ITltimately  the  eymptoras  of  damage  to  the 
cord  may  either  slowly  increase,  in  consequence  of  the  spread  of 
chronic  myelitis  set  up  by  the  acute  mischief,  or,  on  the  other  hand, 
the  symptoms  of  the  meningitis  may  pass  entirely  away. 

The  symptoms  above  described  yary  in  their  distribution,  according 
to  the  position  of  the  disease.  When  the  membranes  over  the  lumbar 
enlargement  are  chiefly  affected,  the  i>aiiis,  hyperBesthesia,  and  cramps 
are  confined  to  the  legs  and  loins.  When  the  disease  is  in  the  dorsal 
region  there  may  be  similar  hypenestheaia  and  spasm  in  the  legs,  but 
the  pain  and  cramp  extend  higher,  and  involve  the  trunk.  If  the 
cervical  region  is  affected,  the  symptoms  extend  to  the  upper  extremi- 
ties, the  dyspnoea  may  be  great,  and  there  is  often  difficulty  in 
swallowing,  llie  action  of  the  heart  is  sometimes  deranged,  and  con- 
traction or  dilatation  of  one  or  both  pupils  may  occur.  Extension 
to  the  brain  is  marked  by  vomiting,  general  headache,  delirium,  and 
paraiysis  of  cranial  nerves,  of  wliich  the  first  to  suffer  are  the  spinal 
accessory  and  hypoglossal.  If  such  symptoms  preceded  those  of 
spinal  meningitis,  we  may  conclude  that  the  inflammation  commenced 
within  the  skull. 

Tlie  symptoms  vary  sonttewhat  according  to  the  nature  of  the  in- 
flammation. In  purulent  meningitis,  as  already  pointed  out,  the 
symptoms  of  irritation  are  sometimes  very  slight,  apparently  because 
there  is  little  tendency  to  invade  the  nerve-roots.  In  the  case  from 
which  Pigs,  94  and  95  were  taken  there  were  hardly  any  symptoms  to 
suggest  meningitis,  and  although  there  was  parapl<'gia,  it  was  probably 
produced  by  the  mere  pressure  of  a  large  collection  of  pus  on  the 
spinal  cord;  there  were  no  pains  or  spasm.  The  case  was  one  of 
septic  origin.  It  was  apparently  a  pure  arachnitis,  and  the  tissue  of 
the  pia  mater  was  able  to  resist  invasion  so  completely  as  to  protect 
the  structures  beneath  it  even  from  disliu-bance  of  function. 

The  duration  of  the  acute  symptoms  varies  from  a  day  or  two,  in 
severe  cases,  which  end  in  death,  to  two  or  three  weeks,  in  cases  of  less 
severity,  which  may  end  in  either  death  or  recovery.  The  duration  of 
the  subacute  and  chrouio  symptoms  that  supervene  is  to  be  measured 
by  months,  and  sometimes  by  years. 

The  symptoms  of  tubercular  spinal  meningitis  resemble  those  which 
hare  been  described,  but  are  usually  less  intense.  There  is  pain  in 
the  back  and  loins,  with  stiffness  of  the  spine  and  retraction  at  the  neck, 
80  that  it  may  be  difficult  to  bend  the  head  forwards.  There  are  also 
variable  rigidity,  hy penes thesia,  and  tingling  in  the  limbs,  followed  by 
leiisened  sensibULty  and  paraplegic  weakness.  These  symptoms  occa- 
sionally come  on  in  the  later  stage  of  cerebral  tubercular  meniagitis. 

DtJiaKOBis. — The  cliignosis  of  the  disease  rests  on  the  pain  in  the 
back,  the  retraction  and  rigidity  of  the  neck  and  spine,  the  hyperffis- 
thesia  and  spasm  in  the  limbs,  excited  es]jeciaUy  by  attempts  to  move 
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tketil^  on  the  acute  onset  of  the  sjmptomB,  and  on  their  asBociaiion  wiih 

pyrexia.  This  grouping  of  the  symptoms  is  sufficiently  charfu-teriatic, 
as  is  shown  by  the  fact  that  it  is  extremely  rare  for  them  to  be  simulated, 
oven  remotely.  The  chief  difficulty  in  actually  acute  casee  is  presented 
by  the  forms  that  nrn  an  alniost  latent  course*  especially  by  the  secon- 
dary purulent  form,  which  has  so  little  tendency  to  invade  the  nerre 
Btmctuxea,  and  a  correspondingly  ehght  tendency  to  derange  their 
functions,  and  even  to  irritate  them.  In  pure  myelitis,  on  the  other 
hand,  paiu  in  the  back  is  absent  or  trifling  j  paralysis  occurs  early  and 
is  the  leading  symptom,  and  there  is  little  or  no  spasm  in  the  limbs 
in  tlie  early  stage  of  the  afiection.  Often,  however,  some  meningitis 
occurs  at  the  onset  of  acute  myelitis,  and  then  some  pain  in  the  back 
and  slight  rigidity  m.  the  limbs  ma^-  precede  or  accompany'  the  onset 
of  the  paralysis.  In  such  cases  the  predominance  of  the  meningeal 
or  cord  symptoms  must  determine  the  category  in  which  the  case  is  to 
be  placed.  Meningt'al  hwmorrhuge  most  nearly  resembles  meningitift 
in  its  manifestations,  and  does  so  necessarily,  because  it  produces 
inflammation ;  the  distinction  chiefly  depends  on  the  onset,  and  will 
be  considered  in  the  next  section,  Huemorrhage  into  the  spinal  cord 
can  scarcely  bo  confused  with  inflammation  of  the  membranes,  be- 
cause the  only  common  symptom,  pain  in  the  back,  is  c<>ulined  to  & 
definite  spot. 

Tetanua  is  attended  by  rigidity  of  the  back,  and  by  spasm,  and 
presents  a  closer  initial  resemblance  to  meningitis  than  most  other 
affectiona  with  which  it  may  be  confounded ;  but  thure  is  no  fever 
at  the  onset,  trismus  is  an  early  and  obtrusive  syiwptom,  and  the 
paroxysms  of  muscular  spasm  are  excited  by  peripheral  impressions 
much  more  readily  than  in  meningitis,  in  which  they  occur  chiefly  on 
attempts  to  move.  Only  the  *' rheumatic"  form  of  tetanus  would 
give  rise  to  difficulty  ;  the  onset  of  the  traumatic  form  after  an  injury 
should  prevent  any  doubt.  Rheumatiim  of  the  muacles  may  cause 
pain  in  the  back  on  movement,  and  the  resulting  rigidity  may  prevent 
movement;  but  there  is  not  the  spontaneous  pain  which  attends 
meningitis,  nor  m  there  distant  spasm.  Some  difficulty  may  be 
caused  by  rheumatism  of  the  cervical  muscles  in  young  children ;  thia 
may  lead  to  retraction  of  the  head,  and  if  it  comes  on  acutely,  after 
exposure  to  cold,  considerable  doubt  as  to  its  nature  may  at  first  be 
felt.  But  it  remains  stationary,  and  the  freedom  of  the  patient  from 
spontanQous  or  radiating  pains,  and  from  any  affection  of  the  nerves, 
soon  enables  a  reassuring  opinion  to  be  formed. 

The  diagnosis  of  the  form  of  menbgitis  depends  on  the  recognition 
of  the  cause  of  the  inflammation.  When  spontaneous  and  acute  the 
case  is  probably  of  the  **  primary  **  form,  which  depends  on  some 
toxic  agency,  probably  often  an  organised  virus^  and  is  really  a  partial 
"epidemic"  form.  If  it  occurs  under  the  conditions  that  give  rise  to 
Burgical  septicaemia,  or  after  childbirth,  purulent  meningitis  is  almost 
oertaiB,  and  the  inflammation  may  be  far  more  intense  than  the 
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fererity  of  tibe  symptoms  suggest.  The  diagnosis  of  tiiberciilar  spmal 
meniiigitis  depends  on  the  combination  witb  cerebral  meningitis, 
wliich  nsually  precedes  the  spinal  symptoms,  and  on  the  gradual  and 
insidious  onset.  Indications  of  the  tubercular  or  scrofulous  diathesis 
are  commoniy  present  in  the  state  of  other  organs^  or  to  be  ascertained 
from  the  family  history  of  the  patient, 

pRooNOBiB.^The  prognosis  is  grave  in  all  cases.  It  is  worse  the 
more  severe  and  acute  the  sjioptoms,  the  higher  the  temperature,  and 
the  sooner  the  symptoms  of  irritation  give  place  to  those  of  paralysis. 
It  is  worse  also  when  the  disease  is  due  to  serious  lesions  of  the  spine 
or  to  tuberculosis,  than  when  due  to  cold,  and  worse  in  the  so-called 
*•  spontaneous "  cases  than  in  those  which  result  from  traumatic 
causes.  Becovery  is  more  probable  in  middle  life  than  in  early  or 
advanced  age.  The  previous  health  of  the  patient  also  influences  the 
prognosis.  It  must  always  be  remembered  that  even  if  the  patient 
survives  the  period  of  acute  inflammation,  serious  permanent  damage 
may  remain. 

TnEATMENT-— Perfect  rest  and  quiet  are  of  the  greatest  importance 
throughout  the  course  of  the  disease.  All  sounds  shoxild  be,  as  far  as 
possible,  excluded;  the  light  should  be  subdued,  and  all  bodily  move- 
tuent  and  mental  exertion  as  far  as  possible  avoided.  The  vascular 
diftturl>ance  of  inflammation  is  intensified  by  all  functional  excite- 
ment of  the  too  irritable  structures,  and  continuous  freedom  from 
such  excitement,  as  far  as  it  is  possible  to  obtain  the  fnedom,  is  of 
paramount  importance.  Every  attack  of  spasm  means  greater  vas- 
cular distuj-bance,  and  the  circulatory  derangement  entails  leiicocytal 
infiltration  and  other  structural  consequences. 

Although  it  is  undesirable  that  the  spine  should  be  the  lowest  part 
of  the  body,  yet,  in  acute  meningitis,  it  is  scarcely  poshible  for  the 
patient  to  lie  in  any  other  posture.  The  prone  position  interferes 
with  respiration,  and  both  it  and  a  lateral  posture  entail,  directly  or 
indirectly,  greater  muscular  exertion,  and  hence  more  frequent  and 
more  severe  attacks  of  spasm,  with  secondary  harm  out  of  proportion 
to  that  which  the  posture  could  prevent.  Here,  as  so  often  in  thera- 
peutics,  sldll  is  shown  and  success  secured,  if  it  is  within  reach,  by 
knowing  when  to  {>ermit  no  compromise,  and  when  to  adopt  one. 
The  dorsal  position  must  be  permitted  if  in  it  the  spasm  is  much  less 
tlian  in  others.  Dry,  or,  in  robust  patients,  wet  cupping,  or  leeching, 
along  the  spine  may  be  employed  at  the  onset,  and  be  followed  by  the 
local  application  of  cold  in  traumatic  or  haemorrhagic  cases,  and  of 
heat  in  others^ the  principles  being  the  same  as  in  myelitis.  Counter- 
irritation,  by  Misters  or  repeated  sinapisms,  is  more  useful  when  the 
diBease  is  subsiding  than  at  the  onset.  In  cases  that  are  due  to  cold, 
free  diaphoresis  often  does  good;  a  hot  air  or  vapour  bath  should 
be  employed  at  the  onset  of  the  treatment.  A  warm  bath  may  bo 
followed  by  moist  packing  for  severttl  hours.  The  relief  thus  given 
is  sometimes  very  great.  The  bowels  should  also  be  freely  opened. 
VOL.  r.  21 
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The  only  mt«rnaJ  remedy  wMcli  lias  been  held,  for  loii^»  in  g6ii6f si 
repute,  as  capable  of  inJiiieucing  the  inflammatorj  process,  ie  mercury. 
The  confideno©  placed  in  it  of  old  is  sot  altogether  unwarmnted.  It 
should  be  given  until  there  is  a<  alight  affection  of  the  gn^iJ^as  (the  only 
evidence  that  enough  is  in  the  system  to  act  on  the  tissues)  ^  and  in- 
unction is  unquestionably  the  best  way  of  admliiistriition.  We  know 
that  it  must  then  enter  the  blood  before  it  can  ee<5ape  by  th«  bowel ; 
we  can  regulate  its  dose  as  we  need,  for  we  eetimat^  it  by  the  influ- 
ence on  the  gums  ;  and  by  rubbing  it  in  OTer  the  part  affect<?d  w©  can 
combine  some  counter-irritant  hiflueuce  (as  by  an  iriitating  agent 
added  to  the  ointment  used),  and  we  necessarily  secure  the  simnl- 
taneous  action  of  the  two  agents,  for  the  largeat  quantity  of  mercury 
in  the  blood  will  ooincida  with  the  most  considerable  reflex  action  on 
the  vessels*  Lastly,  the  dieturbance  of  the  stomach  and  bowels  it 
certainly  less  than  when  their  mucous  membmne  is  c^hosen  as  the 
path  into  the  body.  The  oleate  of  mercuiy  may  be  rubb<*d  in  along 
the  spine.  Iodide  of  potassium  eeems  to  have  little  influence  over 
acute  inflammation. 

It  is  necessary  to  give  fiedatires  for  the  relief  of  the  pain  and 
spasm,  if  the  application  of  cold  does  not  suffice.  Of  these,  morphia, 
given  by  the  akin  or  the  mouth,  is  the  most  effective,  but  vomiting 
from  its  use  is  a  grave  diuwback  ;  fortunately  it  does  not  readily  occur 
under  the  circumstajaces.  Sometimes  inhalations  of  chloroform  are 
necessary  to  relieve  the  laiifcriiig,  and  may  be  even  more  effective  than 
morphia.  In  slight  cases  reliuf  may  be  afforded  by  belladonna,  or  by 
atropia  injected  beneath  the  skin.  Chloral,  or  chloral  and  bromide, 
or  any  of  the  milder  sedatives,  may  be  given  if  there  is  insomnia. 
Bromide  alone,  unfortunately,  has  very  little  power  to  lessen  the  spinal 
reflex  action.  Frequently,  the  spinal  ice-bag  is  the  most  effective  and 
least  injurious. 

When  the  disease  has  passed  into  a  chronic  stage,  iodides  have 
been  thought  useful.  Counter-irritation  may  be  employed  freely 
with  advantage.  Tonics,  iron,  quinine,  and  even  strychnia  are 
beneficial.  Warm  baths,  as  those  of  Bath  and  Aiz-les-Bains,  seem 
sometimes  of  service,  especially  employed  as  hot  douches  to  the 
spine.  But  the  acute  form  is  followed  by  a  tendency  to  the  slow 
subsidence  of  its  effects,  which  makes  the  influence  of  such  measures 
difficult  to  estimate.  The  local  consequences,  muscular  atrophy,  con- 
tracture, &c,  need  special  local  treatment  by  electricity,  rubbing,  and 
the  hke. 

Epidemic  cerebro-spinal  meningitis  is  described  in  the  section  on 
diseases  of  the  cerebral  membranes  (Vol.  II). 

Cheonic  Internal  Meninoitis. 

Chronic  inflammation  of  the  membranes  of  the  cord,  within  the 
dura-matral  sheath,  is  divided  into  two  forms,  according  as  it  begins 
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in,  and  chiefly  affecte,  the  dura  mater,  chrome  tntemal  jrachy- 
numivgitis,  or  the  pia  mater  and  arachnoid,  chronic  lepiou>eningitit. 
Although  these  forma  eometimes  present  distinct  clinical  and  pxtho- 
logical  features,  they  have,  when  of  considerable  de^^ee,  many 
cliaracters  in  common ;  they  own  the  same  causes,  and  need  the 
iame  treatment.  Hence  it  is  most  con\^enient  to  descrilje  them 
together  OM  forms  of  internal  meningitis.  The  condition  termed 
hmnatoma  of  the  dura  maier  depends  on  a  form  of  hifnioiThagic 
inflammation. 

Chronic  meningitis  is  seldom  fatal,  and  is  rare  as  a  general  and 
primary  malady.  As  such,  therefore,  our  kcowlt'd^^e  of  it  is  still 
scanty,  and  the  opinions  formerly  current  have  had  to  be  lari^jely 
curtailed.  It  'was  infen'ed  that  chronic  symptoms,  analogous  to  those 
which,  when  acute,  are  due  to  acute  meningitis,  were  evidence  of  a 
chronic  form.  This  was.  therefore,  assumed  to  be  the  cause  of  a 
gioup  of  symptoms,  of  which  s^asm  is  the  prominent  and  dominant 
feature,  ■vvliirli  are  now  known  to  be  due  solely  to  a  morbid  stiite  of 
the  spinal  curd  itself,  and  to  be  consistent  with  a  perfectly  normal 
state  of  the  membranes.  Hence  "chronic  meningitis,*'  as  it  wa« 
recognised  twenty  years  ago,  as  a  "clinical  entity,"  has  ceased  to 
exist,  or  rather  has  passed  into  the  pathological  conception  of 
•*  primary  lateral  sclerosis."  The  definite  knowledge  we  now  have  of 
geiier;d  primary  chronic  meningitis  is  limited.  The  important  fact 
regarding  it  is  that  its  symiitoms  differ  from  those  of  the  acute  funn 
more  widely,  perhaps,  than  do  those  of  any  other  chronic  inflamma- 
tion. Tet  this  difference  depends  on  a  comparatively  small  element — • 
on  the  fact  that  only  acute  inflammation  causes  acute  irritation  of  the 
motor  and  reflex  structures.  The  chronic  form  may  irritate  the 
sensory  nerve-roots,  but  its  motor  manifestations  are  ehiefly  the  result 
of  preBBure,  and  even  to  this  much  of  the  pain  may  be  due.  The 
pressure  may  cause  spasm,  but  it  is  a  slow  tonic  contraction,  wholly 
uuUke  that  of  the  acute  foi-m.  The  difference  in  the  effect  of  the  two 
forms  of  inflammation  suggests  many  problems  that  deserve  investiga- 
tion, but  their  consideration  would  be  out  of  place  here. 

Causes. — Chronic  intern:il  meningitis,  in  eveiT  form,  is  most 
frequent  in  adult  age,  and,  like  aeute  inflammation,  affeetn  men  more 
frequently  than  women.  In  its  general  and  primary  form,  it  has  been 
thought  to  occur  more  readily  in  persons  with  neurotic  hen^iiity, 
although  the  influence  of  this  is  doubtfuL  Bebiliiating  influences  of 
various  kinds  predispose  to  the  disease,  and  prolonged  over-exertion 
hufi  been  thought  sometimes  to  produce  it.  Among  exciting  causes 
the  most  important  ifl  severe  and  repeated  exposure  to  cold.  Trau- 
matic lesions,  concussion,  Ac,  are  occasional  causes.  It  may  result 
by  extension  from  inflammation  outside  the  dura  mater  and  from 
chronic  inflammation  of  the  substance  of  the  cord  itself.  But  their 
influence  in  producing  ciironic  internal  inflammation  (except  as  a 
sequel  to  the  acute  form)  is  a  subject  on  which  the  opinions  of  the 
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pact  hftTe  still  to  be  subjected  to  careful  comparison  with  asccfrtftiBed 
fact«.  It  is  probable,  however,  that  the  condition  does  sometimes 
follow  concussion  of  the  spine  that  has  no  immediate  or  acute  con- 
ae»|uences.  and  the  chronic  stage  into  which  an  acute  traumatic 
meningitis  subsides  may  last  so  long  as  to  thiow  its  initial  form  into 
the  shade,  and  may  not  only  persist  with  independent  pertinacitv,  but 
may  extend  without  relation  to  the  original  seat.  Thus  we  must 
distinguish  as  effects  of  injury,  the  local  and  the  general  forms  The 
latter  are  predisposed  to  by  the  influences  that  seem  to  facilitate  the 
occurrence  of  the  primary  form,  and  in  these  cases  the  influence  of  the 
injury  often  seems  to  be  trifling,  and  the  existence  of  the  morbid  state 
is  not  always  beyond  doubt. 

Local  chronic  meningitis  may  also  result  from  any  chronic  disease 
either  of  the  membranes  themselveSj  the  bones,  or  the  spinal  cord. 
These  need  not  be  enumerated  in  detail.  It  occurs  in  all  cases  of 
compression,  and  especially  in  all  forms  of  chronic  myelitis  that 
involve  the  superficial  layers  of  the  cord. 

Lastly,  certain  general  morbid  states  are  frequent  causes.  The  first 
is  alcoholism,  which  may  give  rise  to  general  inflammation,  involving 
both  the  pia  arachnoid  and  the  superficial  layers  of  the  cord  in  various 
degrees,  A  second  and  also  common  cause  is  syphihs,  which  may 
produce  either  pachymeningitis,  surrounding  the  cord  in  the  way 
presently  to  be  described,  or  local  leptomeningitis^  irregular  in  position 
BJid  in  effects.  Lastly,  in  very  rare  cases  tubercle  has  given  rise  to  a 
chronic  inflammation,  chiefly  of  the  inner  surface  of  the  dura  matter. 
HflBmorrbagic  pachymeningitis  occurs  especially  in  the  insane,  but  has 
been  met  with  as  a  consequence  of  chronic  alcoholism  and  after 
injuries. 

PATHOLoaicAii  Anatomy,— In  slight  and  moderate  degree,  there  is 
merely  opacity  and  thickening  of  the  membranes  affected,  sometimes 
with  distension  of  vessels  or  minute  spots  of  extravasation.  The 
opacity  of  the  arachnoid  may  be  such  that  the  spinal  cord  cannot  be 
seen  through  it.  The  inner  surface  of  the  dura  mater  may  be 
granular  when  it  is  not  otherwise  changed.  The  spinal  fluid  is 
increased  in  quantity  and  is  turbid.  When  the  changes  are  greater 
.  in  degree,  the  dura  mater  and  pia  mater  may  be  connected  together 
by  a  layer  of  inflammatory  tissue  of  considerable  thickness,  so  that  it 
may  be  impossible  to  say  in  which  membrane  the  disease  commenced. 
The  microscope  shows  the  ordinary  elements  which  result  from 
inflammation,  cells  of  various  kinds,  many  lymphoid  and  pus-like 
corpuscles,  and  distended  vessels,  often  incrusted  by  similar  cells. 
Frequently  also  the  pia  m;i.ter  is  transformed  into  a  thick  irregular 
layer  of  homogeneous  tissue  in  which  no  distinct  cell-elements  can  he 
perceived,  and  only  faint  indications  of  a  fibrous  structure  (Fig.  96), 
The  walls  of  its  vessels  may  be  greatly  thickened  by  similar  material. 
The  nerve-roots  passing  through  the  diseased'  membranes  very 
seldom  escape,  as  they  may  in   the  acute  form»  but  are  inflamed, 
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reddened,  and  swollen  in  the  active  stage,  and  afterwards  compresBed 
and  atrophied^  if  the  amount  of  new  tinaue  formed  about  them  is  eoa> 


FlO.  96. — Chronic  alcoholic  meoingitit.  Section  of  edge  of  anterior  column  imd  of 
IL  large niTvc-root ;  farmiiiB  prepuratioTi,  p.m.,  p'm  mater  irrt^itrulnTlv  tkiiikeneil 
ariil  trfttisforiucd  into  Hihorpliou8-lo<jkiiip  tia&ue,  frmn  wliith  wtrdge-uliaped 
bnuiching  tr»cta  (x  x)  extetid  into  tW  whiti'  nuLjitooce  ;/./.,  fwciculi  of  nerve- 
filiTM  eutertng  the  cord;  a„  ao  Hxtery  in  the  nt-rve  root,  onlnrged  axid  with 
thickened  walls ;  U 1.^  triusU  of  ftuiorpbouA  couutrctive  tiasuD ;  i.,  a  siuiill 
extrHvasation. 

eiderable.  The  fibres  sulfer  especially  wteu  tlie  inflammation  in- 
volvea  the  dura  mater,  on  account  of  the  unyit^lding  character  of  the 
fibrous  sheaths  which  the  nerves  receive  from  that  membmne.  When 
the  pia  mater  is  thickened,  scattered  tracts  of  connective  tissue  may 
be  seen  in  the   substance  of  the  nerve-roota,   between  the  fibres 

(Fig.  96,0. 

The  spinal  cord  presents  the  same  variations  in  the  degree  in  which 
it  suffers.  It  may  tie  little  affected,  but  is  Irequentlj  damaged  by  the 
extension  to  it  of  the  inflLimraation  of  the  pia  mater,  which  causes 
softening,  vascularity »  loss  of  distinction  between  grey  and  white 
substance,  breaking  down  of  nerve-elements,  and  infiltration  by 
lymphoid  and  other  inflammatory  cells.  Ultimately  indurating  tissue 
remains^  constituting  an  irregular  zone  of  peripheral  sclerosis.  From 
the  thickened  pia  roater  tracts  of  similar  tissue  may  extend  into  the 
cord,  becoming  narrower  as  they  pass  inwards  and  sending  out 
branching  trabeculae  (Fig.  96,  a).  Between  these  tracts  the  nerve- 
fibres  are  more  or  less  damaged,  partly  by  the  inflammation*  and 
partly  hj  the  compression  produced  by  the  newly-formed  tissue. 

This  peripheral  sclerosis  associated  with  chrojiic  meuiui?itis,  espe- 
cially in  the  neigbbourhoodl  of  injuries,  frec[uently  damages  tracts  that 
undergo  secondary  ascending  degeneration— postero-median  column. 
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vU(^(i  7«rttN>lftr  tnMH,  aad  asceBdmg  ant^ro-lateml  tract.  The  result 
«i.  tv  (Hv<llM»  IbM^ied  leeioa,  the  precise  oaturB  of  which  h  not  alwava 
vV4i^ilv  >b*hiiigtilihi»il  &»d  has  certainlj  often  bean  mistaken.  The 
o>(UiVvK>^  tti^VQl  of  iht  prctcefis  is  probiiibly  increased  bj  the  fact  that, 
ax  Nio  hAt^  m/m*  tecoudary  degeneration  entails  an  interstitial  prooew 
th(4t  m  pvoo*  l9  ftKsKume  an  iniiauunatorj  character,  egpeciaUj  when 
!*v>t.  vk^  hi  mi  irritative  kaion.  Hence  the  peripht^ral  sclerosis  set  up 
bv  tho  uiirtiiugitii  ii  apt  to  carry  with  it  a  certain  auiount  of  inflam- 
i»4<4tiv>w  lu  tW  pi*  maler.  far  beyond  the  region  to  which  this  would 
v^hoiwiutt  b«  liiiut«d.  A  similar  thickening  of  the  pia  mater  it, 
h<»>ivvv%n\  tii«l  with  over  areas  of  the  cord  that  are  the  seat  of  other 
iViuku  \4  wcl»Hm§^  both  iho«e  that  are  syet^mic,  as  in  tabes*  and  thosKj 
that  ttiv  random,  «ui  iu  th«  insular  form.  It  is  probably  secondary  in  all 
ksvikmi,  bul  it  formerly  gave  rise  to  some  erroneous  conc*^ptiona  of  th<^ 
uivlui"^  of  sutih  dt»p.*nerations  (see  Locomotor  Atasy).  A  still  more 
vounuivirablo  im|«bc^tion  of  the  pia  mater  is  met  with  over  regions  that 
tuv  Ihii  ituiit  olf  U**.'^  dirome  myelitis, 

iu  tUi*  ^HxliiiAry  form  of  chronic  meningitis,  the  membmn©  in  which 
ihu  iult^utiuatiou  bt^ius  may  be  much  more  aflfected  than  the  other, 
i^llUv»n^h  th*^  ktirr  i»  very  rarely  healthj^  except  in  the  sHj^htest  ca^es. 
tutUiuMiu^liou  U'h^niung  in  the  pia  muter  and  arachnoid  is  oftcil 
vv^tiviimv^  in  v%%i^\  nnd  may  be  con«ideral  ile  or  alight  in  degree.  That 
\s\\w\\  iH'Uuni'^Hi'***  on  the  inner  surface  of  the  dura  mater  is  frequently 
liiuili^d  ill  i'*Unit>  but  is  accompanied  by  the  fonnatioii  of  a  hiTge 
>uut>uu>  t»l^  uvw  tM«no,  aiiil  hi^uce  has  been  termed  hypejirophlcintemul 
/. ..  Av«»(iHwj/»<M,  It  constitutes  a  very  important  variety,  giving 
ii«i«  Iv  [HHudlar  awd  jjrave  symptoms  which  were  first  carefully  studied 
I'M  *hu»oot  tM\\\  Jo(Tn>y.  It  affects  most  commonly  the  cervical  region, 
lull  QHiuvtiuvkt^ii  iUHnirs  at  the  lower  part  of  the  cord.  On  opening  the 
.j.mal  » au»U  a  fusiform  tumour  is  seen,  the  outer  surface  of  which  is 
(ho  muiltot'^Hl  o\itiM'  surface  of  the  dura  mater,  and  on  section  the 
.  iklai^i  utout  in  f\)\ind  to  depend  chiefly  on  a  great  thickening  of  the 
uui«  I  pivi  (•  of  thin  membrane,  sometimes  amounting  to  a  quarter  of  an 
ui.  U  ,  i*v»vi»»>vl  bvvers  of  new  tissue  can  often  be  distinguished.  The 
|.i.i  uiaU'i  iuuv  U^  normal,  but  is  more  commonly  thickened,  and  it  is 
.Kru  uiiiUul  by  tho  thickened  arachnoid  to  the  tissue  proceeding  from 
lit.  «liiia  nu^tvr.  Tho  cord  is  compressed  and  commonly  softened  at 
il.>  I'mI,  uiuI  it  piH^Hcnts  signs  of  inflammation.  The  nerve-roots  are 
il  .  luuiimvl  uud  compressed  by  the  newly-form.d  tissue.  Some- 
t  in.  >  ,i\  I  bo  «|>ot  most  affected,  the  cord  may  be  surrounded  by  a  ring 
.1  u  y\  tibttvut  of  (uirtilaginous  hardness.  In  other  cases  the  thickening 
I  (lit  auuk  uuiter  is  slighter  and  more  diffuse,  affecting  occasionally 
I  ^v  lit  oxtuut  of  the  membrane.  In  rare  cases  the  membranes  about 
iK  .m*la  wjuiua  may  alone  be  affected — the  dura  and  pia  mater 
i  111.  It  III.  uud  tho  nerves  united  in  a  fibrous  mass. 

III.    \shitt<   rtbroid  or  cartilaginous  plates  found  so  often  in  the 
u.i  liuuid    uit<^   death  are  probably  not  connected  with  preceding 
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inflammation.  In  most  cases  in  which  Uiey  are  found,  no  Bymptom^ 
have  existed  during  life.  It  is  said,  however,  that  when  they  are 
numerous  and  extensive  they  may  give  rise  to  sytuptoms  closely 
re&emblini^'  those  of  chronic  mening-itis  { Vulpian).  But  fibroid  plates 
in  tho  dui-a  mater  have  been  seen  iu  a  case  in  which  previous 
symptomfi  suggested  that  they  resulted  from  chronic  infiammation 
(Jacoond). 

The  rare  condition  termed  internal  JuBmorrhairic  pfichymeningiiig,  or 
hiematoma  of  the  spinal  dura  tnater,  is  simihir  t^?,  and  commonly 
associated  with,  that  which  affects  the  cranial  memlirane,  and  will 
Ije  afterwards  describe*] .  In  this,  a  reddish-brown  exudation  covers 
the  surface  of  the  membrane,  and.  is  composed  of  fibrin  and  extrava- 
sated  blood ;  the  latter  may  be  encysted  in  HiuaU  cavities,  or  may  be 
in  various  stages  of  transformation.  The  change  commonly  extenda 
over  a  great  part  of  the  dura  mater,  and  is  apparently  the  result  of 
hsemorrhage  into  inflammatory  tissue. 

The  local  form  of  syphilitic  meningitis  presents  an  irregular  thick- 
ening of  the  pia  mater  and  arachnoid,  with  the  extensive  production 
of  new  tissue  in  the  affected  region  characteristic  of  this  variety,  so 
that  it  often  resembles  a  diffuse  growth  as  much  as  a  chn>nic  inflam- 
mation. Tho  new  tissue  has  a  peeidiar  gluey  aspect,  and  present*  a 
tendency  to  caseous  degeneration  and  fibroid  change,  so  that  scattered 
or  coalescing  cheesy  spots  are  ultimately  met  with  in  traots  of  mixed 
fibrous  and  gelatinous  aspect,  the  latter  appearance  predominating  in  th« 
more  recent  parts.  This  process  of  growth  may  attain  such  a  develop- 
ment at  some  spot  as  to  constitute  a  distinct  "  gumma."  wliich  may 
invade  the  substance  of  the  cord,  growing  inwards  from  the  pia  mater. 
A  similar  process  of  cell- growth  may  be  sometimes  traced  with  the 
microscope  into  the  substance  of  the  cord,  along  the  tracts  of  neiirogliaJ 
tissue  and  peri -arterial  spaces,  when  there  is  no  invasion  distinct  to 
the  naked  eye.*  A  more  limited  affection  of  the  walls  of  the 
arteries  of  the  pia  mater,  eit-ending  into  the  cord,  has  also  In^en 
thought  to  be  syphilitic  in  nature ;  the  whole  thickness  of  the  wall  of 
the  arterioles  may  be  the  seat  of  inflammatory  thickening,  in  conse- 
quence of  which  the  calibre  of  the  vessels  ia  narrowed.f  There  is, 
however,  some  reason  to  think  that  a  similar  aUVi'tion  of  the  vessels 
may  occiu-  apart  from  syphilis, J 

In  the  very  rare  chronic  tuljercular  meningitis  the  inner  surface  of 
the  dura  mater  is  covered  with  a  layer  or  layers  of  tubercles,  in  various 
stages  of  development,  minf,ded  with  inllammatoiT  |iroducts.  The 
arachnoid  may  also  contain  degenerating  tubercles,  and  the  two 
membranes  may  be  uniteil  together  by  the  new  formation.  The 
condition  occurs  independently  of  bone  disease. § 

•  GiHiert  and  Lion,  *  Arch,  gen./  1889. 

f  SdniiaaB.  '  Deut.  Arch.  f.  kl.  Med.,'  1889. 

I  Hodibitoi,  •  Tliesiii/  Kiel.  1889. 

(  Weitt. '  Wiener  med.  Wuehenwh./  1885. 
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^sniPTOVS. — ^The  sjmptoma  of  ohroiuo  internal  meningitii,  l&e 
ihM^  of  the  acute  form,  are  due  to  the  irritation  of  the  membraiiMi 
lg»  ihe  damage  to  the  nerre-roots,  and  to  that  of  the  ooid.  Bat  tha 
»b«imoe  of  acutenesB  in  the  process  inrolTes,  as  we  have  seen,  a  dif- 
fwranoe  which  produces  a  contrast*  rather  than  a  resembhinoe,  in  the 
luanifestations  of  the  two  diseases ;  the  spasm  which  dominates  the 
tft»pect  of  acute  meningitis  is  almost  entirelj  absent  in  the  chronic 
form.  When  this  is  eliminated,  similar  disturbances  of  functioii 
remain,  but  their  relative  subordination  renders  the  nmilarit  j  in  the 
features  of  the  two  maladies  unobtrusive.  Still,  the  three  pathological 
eleiuonts  just  mentioned  occur  in  the  chronic  as  well  as  in  the  acute 
form,  and  in  different  cases  one  or  another  of  the  corresponding  sets 
of  symptoms  predominates.  Hence  the  varieties,  while  poasesiing 
many  characters  in  common,  maj  differ  considerablj  in  their  clinical 
aspect.  In  some  cases,  we  can  infer  with  aoeoraey  the  special  seat 
of  the  disease,  but  in  many  others  we  cannot  carry  our  diagnoeis 
beyond  the  conclusion  that  chronic  internal  meningitis  exists,  and  are 
unable  to  say,  even  with  probability,  which  membrane  is  piimahlj 
affected. 

The  common  symptoms  are  these :  pain  in  the  back,  increased  \ff 
movement, — sometimes,  however,  amounting  only  to  heavy  dull  dis- 
comfort,— and  accompanied  by  some  stiffness  of  the  bacic,  and*  when  in 
the  cervical  region,  by  some  retraction  of  the  head.  The  pain  ii 
increased  by  pressure  on  the  vertebral  spine,  and  its  increase  by 
movement  may  cause  a  fixation  of  mobile  parts,  as  the  neck,  in  so&:e 
abnormal  position.  The  pain  is  apparently  due  to  the  irritation  vf 
the  meningeal  nerves,  and  the  rigidity  is  to  be  regarded  as  a  refit  x 
effect  of  this  irritation.  But  these  are  not  the  paroxysms  of  spasm, 
so  conspicuous  and  so  distressing  in  the  acute  foruL 

More  obtrusive,  in  most  cases,  are  the  radiating  or  exoentric  pains 
due  to  the  irritation  of  the  nerve-roots,  and  referred  to  the  region  in 
which  the  nerves  are  distributed, — back  of  the  head,  neck,  arms 
thorax,  abdomen,  loins,  or  legs,  according  to  the  position  of  the  disease 
These  pains  are  often  very  severe,  sharp,  darting,  burning,  or  rheu- 
luiitoid  in  character,  paroxysmal  in  occurrence,  and  sometimes  worse 
at  II  i^'ht.  They  may  be  accompanied  by  a  painful  sense  of  constriction, 
anti  ^*y  various  unpleasant  sensations — numbness,  tingling,  formica- 
tiou, — in  the  same  areas.  HypersBsthesia  may  also  exist,  so  that  pain, 
sometinu's  thrilling  in  character,  is  produced  by  touchi-  g  the  skin,  or 
by  sli^'lit  degrees  of  heat  or  cold,  and  a  hot  or  cold  sponge  passed 
along  the  skin  of  the  back  may  reveal  the  chief  seat  of  the  discnse  by 
the  change  of  sensation  at  its  level,  as  in  the  acute  form.  The  hyper- 
jpgt'i«*j<ia  may  be  more  marked  to  one  form  of  sensation  than  to  another 
Cutaneous  eruptions,  such  as  result  from  other  nerve  lesions,  have  also 
been  observed  in  association  with  the  pains.  In  the  same  regions. 
muscular  twitching,  tremor,  or  even  sjiasm,  may  result  from  the  irrita* 
tiou  of  the  motor  loot-fibres.     These  symptoms  conespond  in  their 
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level  to  the  part  of  the  membranea  cliieflj  diseased*  When  tlie 
]h-i»^Ii*j>  membranes  are  affected,  tlie  mdiatmg  pama  are  felt  in  the 
kgi;  bat  when  the  disease  is  higher  up,  the  legs  maj  merelj  feel 
hmrj^  and  be  the  seat  of  slight  abaormal  aensatioiis. 

Aft^r  a  time,  weeks  or  months^  the  pains  persisting  or  ceasing, 
oertain  paralvtic  symptoms  manifest  themselves   in  the  regions  in 
which  the  severe  pains  were  felt,  and  are  dependent  on  further  damage 
to  tbo  nerve-roots.     Sensation   bijcomes   lessened,   or  even  lost,  in 
_   flrr*nH  areas,  to  touch,  or  pain,  or  both.      The  muscles  in  the  same 
^^■■ioii  become  weak,  and  waste ;  usually  with  the  reaction  of  degene- 
BHdoii  for  a  time,  and  ultimate  loss  of  all  irritabilitj.    The  wasting 
often  affects  the  muscles  irregularly,  from  the  unequal  damage  to  the 
roota  and  the  fibres  of  single  roots :  entire  groups  sometimes  atrophy 
from  the  complete  inteiTiiption  of  the  roots  of  one  or  more  segments. 
BeHex  action  in  theee  parts  is  lost.     In  the  trunk  this  loss  of  reflt/x 
aetioii*  with  amesthesia,  may  be  the  chief  local  Byuiptoiu,  and  is  ot 
ttaeh  diagnostio  importance.     As  the  disease  progresses,  the  cord 
itaelf  fofEers,  by  compression,  or  by  extension  to  it  of  the  inflamma- 
tion.    The  parts  below  the  seat  of  the  disease  then  become  |>aralysed» 
tho  kga  aiB  weak  and  the  seat  of  dull  heavy  pain ;  reflex  action  in 
thotf  Biay  be  increased,  while  their  muscular  nutrition   continues 
good*  lankas  the  lumbar  membranes  are   diseased,  or  the  myelitis 
8  the  eord.      Defect   of    co-ordination    in   the   legs    is   not 
n^  and  is  probably  due  to  the  implication  of  the  fibres  from 
in  the  posterior  columns  and  cerebellar  tracts.     Power 
t]ie  aphiucters  may  be  lost  and  bedsores  form,  but  chiefly  in 
in  which  the  diaeaae  is  severe  over  the  lumbar  region  or  caada 


When  the  inflammation  affects  chiefly  the  pia  mater  and  arachnoid 
(elrottftf  lejttomeningi/is)  the  symptoms  of  meniu^^'al  irritation  are 
ooaapictioaB, — ^vertebral  pain  and  rigidity  of  the  bock,  witli  cutaneoiis 
and  the  radiating  pains  may  also  be  considerable. 
symptoms  are  esp*ecially  marked  in  cases  of  subchronie  meniu- 
gtlia,  loch  as  are  sometimes  due  to  alcoholism.  The  local  paralytic 
vymplonij— aneesthesia  and  muscular  wasting — may  be  absent  in  these 
raica,  or  may  only  come  on  in  shght  d^ree  after  the  other  Byioptoms 
hare  huted  for  a  considerable  time.  On  the  other  Iiand,  weakness 
a&d  p^ini  in  the  legs,  from  affection  of  the  cord  itself,  may  be  early 

Wben  the  inflammation  begins  in  the  dura  mater  (inirmal  pachy- 
vti§)  the  eymptoma  of  spinal  irritation,  pain  and  stiffness  of 
jk*  although  occasionally  present,  are  much  less  prominent 
^Bfitofna  than  are  those  which  depend  on  the  irritation  of,  and 
daiM|pe  to,  the  nerve-roots.  The  mdiating  pains  are  very  severe,  and 
an  of t«n  fJie  earliest  symptom.  At  a  later  stage  the  muscular  weak- 
aesa,  foUowad  or  accompanKnl  by  wasting,  chiefly  attracts  attention, 
tlie  waating  may  be  to  gi*eat  that  the  dibease  it  mistaken  for 
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progresflivG  miidcular  atroplij.  Thii  is  especiallj  the 
lesion  i«  in  the  cervical  region,  the  "cervical  h 
menin^tis  "  of  Charcot  and  Joffiroy.  In  this  affoitiatt*  palM  ta  ikt 
back  of  the  bead»  neck,  Bhonlders,  and  arms,  otUm  iic€OiD|«iiiMl  with 
a  painfiil  sense  of  constriction,  precede  the  t  ^  f.    TV» 

wasting  may  inrolTe  manj  musoles,  but  ii>  lied  bv 

the  radial  nerve  are  less  affected  than  the  others  \  the  escape  of  ll« 
long  extensors  of  the  wrint  and  Angers,  while  thd  fiexore  of  the  wriia 
and  fingers  and  tlie  interossi^i  atrophj,  leads  to  a  peculiar  defomitf ; 
the  nnopposed  muscles  cause  persistt^nt  ov^^  '»o  of  Iheiml; 

the  phalangeal  joints  are  flexed  and  the  meli  UalaagMl  joisls 

are  extended,  but  from  the  poeition  of  the  wrist  thrj  arw  do4  ot«^ 
exiendedp  and  the  hand  thus  differs  from  the  daw^like  baod  (p.4S)* 
With  this  mxiscular  wasting  in  the  arms  there  is  pampU*gie  wtiaViiew 
from  the  pressure  on  the  cord.  In  rare  cases  tlie  dMMMse  ftflecis  (hi 
membranes  orex  the  lumbar  enlargement  or  caodA  eQlliBa»  and  tkoi 
the  legs  are  the  seat  of  the  (uiins.  paralysis,  and  siropbj  sfawdtY 
described,  and  the  sphincters  are  early  paralysed. 

If  the  pachymeningitis  19  confined  to  the  dorsal  region^  the  nwt- 
lymptoms  are  limited  to  the  tiiiuk.  In  suoh  a  ease  ■nswfluiis  ofcr 
the  T^on  supplied  by  the  dorsal  nerves  was  asK>ciatsd  with  paf»- 
plegia  from  compression  of  the  cord.  In  another,  art<As  of  aiMMtlieda, 
with  severe  pains,  existed  over  the  legs,  trunk,  neck,  and  back  of  tha 
head,  without  any  indication  of  damage  to  the  cord  itself, 
examples  illustrate  the  great  variations  pn*s«'ntod  bv  different 
owing  to  the  different  diatrilmtion  of  the  disease.  An  importaat 
characteristic  of  this  form  is  the  fact  that  it  involves  the  n»embnui» 
e<|ually  around  the  cord,  and  so  gives  rise  to  bilateral  symptooA. 

Cluinic  syphilitic  meningitis  may  cause  symptoms 
those  of  any  other  variety  of  chronic  inflammation,  even  tha  byper 
trophic  pachymeningitis  being  sometimes  due  to  this 
its  most  frequent  and  special  chantcteristis  is  the  focal  ^tmmdtm  of 
the  symptoms,  and  their  tendency  to  be  associated  with  Ihoas  ef 
partial  and  local  damage  to  the  spinal  cord  itself.  This 
sequence  of  the  tendency  of  local  tissue-formation  to  bo 
with  the  inflammation.  Hence,  pains  of  irregular  distribntion  ofe 
one  side  are  usually  soon  fuUowed  by  impairment  of  scnsibiltty.  ami 
often  by  wealmess  in  the  corresponding  leg. 

lu   hffimorrhagic   pachymeningitis  the   symptoms  are  thoaa 
slight   chronic   inflammation^  without  any  distinctive  features  that 
can  be  referred  to  the  hamorrhagic  infiltration. 

Di^oNOBts, — ^The  dieeaaes  with  which  chronic  infernal  memngilii  is 
liable  to  be  oonfoundt-Ml,  are  different  ar^'ording  as  the  eyoiplona  of 
irritation,  of  damage  to  the  cord,  or  of  compressioQ  of  the  pgT»n>otv 
pre^lominato.  By  far  the  most  important  diagnostie  sTropt^iits  aia 
those  that  dep«>nd  on  the  damagu  to  the  tierve-roota-^thoir  aarijr  scri* 
tation  and  latsr  structural  damage. 


ji  unportaat    , 
»  membraiiM  ■ 

iptoma.  ^^M 

a  tha  bypor*  V 
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INTERNAL   MENINQITIS. 


831 


«|»iiftl  pain  and  stiifnees  may  be  mistaken  for  simple  rachialgia 
•*  iptBal  irritation,"  but  in  this  condition  the  whole  spine  ii  tender, 
•ep&rate  points  are  much  more  tender  than  the  rest,  and  there 
9tm  ool  ihtf  radiating  pains  or  paralytic  ajmptoms  of  meningitis. 
Pain  in  the  back  is  related  in  greater  degree  to  posture  and  exertion, 
lad  it  has  a  teudencj  to  pass  from  the  neck  to  the  occiput.  The 
patients  hare  usually  suffered  from  neuralgia  in  other  Biiuations. 
vlbell  may  alternate  with  that  in  the  back. 

Peripheral  pauis,  especially  about  the  trunk  and  legs  and  shoulders. 
are  prominent  symptoms  in  some  cases  of  muscular  rheumatism  or 
rhgumatic  neuralgia.  In  these,  however,  there  are  not  the  pain  and 
It  of  the  spinal  column ;  and  although  there  may  be  apparent 
sensitiyeuess  in  the  region  of  the  pains,  it  is  of  the  deeper 
and  not  of  the  skin,  while  the  relation  of  the  pain  to  move- 
meat  and  muscolar  action  is  a  conspicuous  feature, 

irular  neuritis  is  probably  associated  iu  many  cases  with  some 
of  the  adjacent  membranes,  but  meningeal  symptoms  are 
mbordinate;  the  symptoms  are  confined  to  the  region  sup- 
by  the  nerve-roots,  and  spinal  pain  is  absfnt. 
The  muscular  wasting  may  be  mistaken  for  atrophy  due  to  degene- 
QT  subacute  inflammation  of  the  anterior  comua  of  the  cord 
muscular  atrophy,  subacute  polio-myelitis).  The  cervical 
brpertrophie  paehvmeuingitis  bears  special  rts^^mblanee  to  this  disease, 
10  wmsitng  in  the  arms  is  often  associated  with  paraplegic  sym- 
SB  the  legs.  The  distinction  is  that  the  atrophy,  in  the 
form,  is  preceded  by  severe  pains,  and  often  accompanied 
of  hyperosthasia  or  ana'^tbe^ia,  and  is  random  in  distribu- 
In  chrunic  affections  of  the  anterior  comua  both  pains  and 
are  usually  absent,  and  the  wasting  often  affects  the 
in  a  certain  order,  which  will  be  described  in  the  account  of 
Thus,  in  a  man  who  was  8up[K:i8ed  to  have  comual 
on  account  of  wasting  of  some  muscles  of  both  legs,  irregu- 
distribute*],  a  history  of  severe  sharp  pains,  and  the  discovery  of 
ich  of  aniesthesia  on  one  leg,  the  presence  of  a  burning  pain  rt^und 
side  of  Um  trunks  and  the  irr^ular  distribution  of  the  wasting,  led 
Tim  diagnosis  of  chronic  meningitis  damaging  the  nerve- roots;  there 
a  history  of  syphibs,  and  appropriate  treatment  completely  re- 
roj  tbe  sf mptoms.  The  pains  also  constitute  a  distinction  from 
affection  which  presents  somewhat  similar  symptoms— syriugi^- 
Chronie  dismmiinated  myelitis  may  cause  muscular  wasting, 
Boi  cause  the  pain  in  the  back,  or  the  rigidity  of  the  spine, 
orrur  in  meningitis,  and  the  paralysis  from  damage  to  the  cord 
is  the  Imdtng  symptom.  It  must  be  remembered  that  the  two  condi- 
tions ol  aeoingitis  and  myehtin  are  often  combined,  and  the  fact  has 
to  l»  ftCOgiBui^l  in  our  rliagnosis. 

flnthorities  bejieve  that  the  ^rmptoms  of  *'  ataxic  paraplegia,** 
nratt  from  combiniil  lateral  and  po&tehor  sclerosis,  aro  often 
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produced  by  the  agency  of  chronic  meningitis,  invading  tiie  peripheral 
layers  of  the  cord.  It  is  not  probable,  however,  that  this  mechanism 
is  oi>erative  in  the  cases  in  which  considerable  paraplegia  shows  thai 
the  lateral  pyramidal  tracts  are  extensively  involved.  The  diagnostic 
problem  is  considered  in  the  chapter  on  this  disease. 

When  the  meniug^itis  is  lumbar,  the  pains  in  the  legs  may  resemble 
some  of  those  that  occur  in  Lx'omotor  ataxy,  and  the  knee-jerk  may  be 
lost  in  each  disease ;  but  the  loss  in  meningitis  is  associated  with 
muscular  weainuss  and  wasting,  there  is  not  the  degree  of  ataxy 
common  in  tibes,  and  true  ''lightning  pains**  are  not  met  with  in 
meningitis.  The  greatest  resemblance  to  chronic  meningitis  is  pre> 
sented  by  some  cases  of  tabes  in  which  the  cord  disease  reaches  a 
greater  degree  in  the  dorsal  than  in  the  lumbar  regir^n.  Thore  aie 
then  pains  and  anaesthesia  in  the  trunk,  and  the  atrophy  in  the  legs 
may  be  little  marked.  In  meningitis,  if  the  membranes  over  the 
lumbar  enlargement  are  normal,  the  knee-jerk  is  preserved  and  often 
increased,  while  it  ia  lost  in  tabes.  The  anaesthesia  and  loss  of  the 
trunk  reflexes  are  more  general  and  uniform  in  tabes  than  in  menin- 
gitis. 

Caries  of  the  spinal  bones  produces  many  of  its  symptoms  by  the 
agency  of  chronic  meningitis,  which  always  results  from  it.  Hence 
the  diagnosis  depemla  on  the  recognition  of  the  presence  of  the  disease 
of  the  bone,  in  a<i*iition  to  that  of  the  membranes. 

Multiple  neuritis,  in  the  paralytic  variety,  presents  nerve- symptoms 
of  the  same  character  as  those  of  chronic  meningitis,  but  the  special 
symmetry  and  peculiar  distribution  of  the  atrophic  palsy,  the  promi- 
nenee  of  limb- tenderness,  and  the  absence  of  cord  symptoms,  pre- 
clude such  similarity  as  can  cause  actual  confusion  between  the  two 
diseases. 

Fbognosis.— The  differences  between  the  forms  of  chronic  menin- 
gitis, and  betwe«^n  the  degrees  of  the  sara©  forms,  are  so  vast  as  to 
render  the  prognosis  of  the  disease  a  matt-er  of  individual  considera- 
tion in  every  case,  to  be  estimatetl  independently,  from  the  f>atho- 
logical  characters.  The  severe  degrees  of  the  affection  are  attended 
with  danger  to  life,  and  even  the  slighter  forms  may  entail  serious 
consequences,  since  many  effects  of  the  disease,  especially  the  damage 
to  the  spinal  cord  itself,  tend  to  increase  by  the  myelitic  tendency 
which  is  set  up.  The  neuralgic  pains,  which  result  from  the  damage 
to  the  nerve-roots,  are  extremely  obstinate.  But  in  many  cases  the 
symptoms  ultimately  pass  away^tho  irritation  ceases  and  the  com- 
pressed structures  slowly  regain  their  function.  The  prognosis  is 
most  favorable  in  the  cases  which  result  from  injury  and  from 
syphilis.  But  in  all  cases,  even  those  of  syphilitic  origin,  in  which 
there  is  reason  to  infer  considerable  formation  of  new  tissue,  the 
prognosis  must  be  cautious,  since  the  (ucatricial  contraction  of  this 
tissue  may  perpetuate  the  damage  to  cord  and  nerves  which  it« 
pressure  has  produced-    The  prognosis  i«  better,  in  other  cases,  in 
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pro^Hiflion  to  the  general  health  of  the  patient,  to  the  moderate 
dcg^M  of  the  mischief,  and  to  the  extent  to  wliich  its  cauBOS  are  under 
wntooL 

TkSAncxirT. — ^Best  ii  essential ;  in  serere  cases  it  should  be  abac- 
lotib  and  in  ererj  case  moyements  which  increase  pain  should  be 
avoided.  The  pain  is  the  expression  of  irritation,  which  tends  to 
■niataiii  the  morbid  process.  Measutiee,  previouslj  ineffective,  will 
oftea  be  followed  hj  improyement  if  rest  ia  added.  Posture  is  also 
of  gtmt  importance.  The  prone  couch,  impracticable  in  acute  meniu- 
pMia,  cam  often  be  employed  in  chronic  cases  with  advantage,  to  lessen 
Itiw4ianira1  congestion  of  the  spine.  Warm  baths  and  diaphoretic 
balltt  hare  been  recommended  as  useful,  especiallj  in  subacute  eases. 
Nest  in  im.portance  to  rest  and  posture  is  counter-irritation.  Bepeated 
fiaapisms  or  stimulating  liniments  maj  be  used  if  mild  counter-irrita- 
tkm  osdf  IB  required,  but  in  most  cases  greater  good  will  result  from 
more  eOMSfgetic  means— blisters  or  the  actual  cautery.  The  last  is 
ffiwially  xeoommended  bj  JofFi*oj  for  the  hji^ertrophic  pachymenin- 
gitis. It  is  probable  that  posture  favours  the  beneficial  iniluenoe  of 
ooaaier-irritation  in  a  very  important  degree. 

SedatiTea  are  usually  needed  to  relieve  the  pain— morphia,  chloral. 
Indian  hemp  by  the  uiouth,  subcutaneous  injections  of  morphia  or 
oocaine,  or  sedative  liniments  of  chloroform,  belladonna,  &c.  In 
cnplojiDg  sedatives  it  must  be  remembered  that  they  will  usually 
ba  needed,  in  chronic  cases,  for  many  months,  and  after  a  time,  by 
the  artificial  need  they  create,  they  may  apparently  teep  up  the  pain. 
It  ia  tberefore  well,  if  possible,  to  alternate  two  or  more  sedatives. 


I 


cocaine  take  the  place  of  morphia  as  much  as  possible,  and  to 
the  doae  from  time  to  time  tentatively,  and  without  the  know- 
of  Hie  patienL 

of  potassium  and  mercury  are  the  agents  that  have  most 
a?er  the  morbid  process  itself.  Both  are  effective  in  sypbi 
fitae  eaaea,  but  in  other  forms  of  ihe  disease  mercury  has  far  moi> 
iallaeooa  than  iodide ;  it  may  be  rubbed  in  over  the  spine,  as  recom- 
in  the  acute  form.  The  ointment  and  olcate  may  Ix?  rendored 
-irritant,  if  necessary,  by  the  addition  of  cantharides  ointment. 
In  rnanj  cases,  tonics,  as  iron,  quinine,  and  cod-liver  oil,  are  needed. 
Tba  mnacfiilar  wasting  which  results  from  damage  to  the  nerve-roots 
fpqulria  treatment  by  galvanism,  rubbing,  and  by  passive  movement. 
10  pf«f«Qt  contractures.  If  hi»morrhagio  pachymeningitis  is  suspected, 
tigottiM  niaj  be  used  in  addition  to  the  measures  suited  for  the  ordi- 
aarr  form.  Treatment  apfj^irs,  however,  to  exert  little  influence 
vpoa  it* 
Oilier  weunam  are  the  same  as  have  been  described  for  the  acute 
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BLEMOEBHAjBB   into  the   SPINAIj   MEMBEANESi 
B^MATORACHIS. 

Spinal  luemorrliage  may  be  otitside  the  dxa&  mater,  between  it  aiid 
the  bones  (exira-meningecU),  or  wilkm  the  dura  ma.t«r  (inira-m^nifh 
geaZ).  In  the  latter  situatioE  the  extrai^aeation  may  be  ettbdur^^ 
between  the  dura  miiter  and  ajichnoid,  or  It  may  be  mthaTaehnmd, 
between  this  and  tJie  pia  mater.  Heemorrhage  outside  the  doiti 
mater  is  more  common  than  with  in  it 

Oausxs. — Meningeal  hfiemorrhage  may  occur  at  all  ages.  It  ia  met 
with  in  newly-born  chUdreii,  but  in  them  ia  duo  to  rupture  of  veasda 
during  birth,  and  the  blood  often  merely  descends  into  the  epinal 
membranes  from  those  of  the  brain.  Bpoutitneous  hs&morrlmge  ia 
imknown  in  early  childhood,  but  occurs  at  aU  other  ages,  and  ii  mor© 
common  in  men  than  in  women,  Of  the  immediate  causes,  injury  ii 
the  most  frequent — ^fractures  of  the  spinal  columu^  blows  or  falk  on 
the  back  which  do  not  fracture  the  rtarl^brie^  and  eTen  falls  on  l^e 
feet  or  buttocks.  It  is  occasionally  found  after  death  from  severe 
convulsions,  epilepsy,  puerperal  eclampsia  (in  which  an  altered  state 
of  the  blood  may  assist),  chorea,  strychnine  poisoning,  and  tetanus. 
In  some  instances  no  symptoms  were  observed  during  life  which 
could  be  referred  to  the  hsemorrhage,  and  it  is  probable  that  the 
extravasation  occurred  only  during  the  last  moments  of  life.  HJenoe 
it  seems  likely  that  muscular  spasm,  resulting  from  a  meningeal 
hiBmorrhage,  may  sometimes  have  been  looked  on  as  primary  and 
independent — the  cause  of  the  hEemorrhage  when  it  was  really  the 
effect  of  it.  This  seems  certain  in  many  cases  of  tetanoid  spasm 
in  newly-born  children — in  most  cases,  indeed,  in  which  such  spasm 
occurs  almost  immediately  after  birth  and  is  associated  with  menin- 
geal heemorrhage.  Such  cases  should  be  separated  from  those  to 
which  the  term  tetanus  neonatorum  is  applied.  They  are  further  con- 
Hidered  in  the  account  of  haemorrhage  into  the  cerebral  membranes  in 
Vol.  n.  Severe  and  prolonged  muscular  exertion  has  been,  in  a  few 
cases,  the  apparent  cause  of  spontaneous  haemorrhage.  It  also  occura 
in  some  diseases  in  which  there  is  a  haemorrhagic  tendency,  such  as 
purpuric  states,  and  the  haemorrhagic  forms  of  some  acute  specific 
diseases,  smallpox,  yellow  fever,  &c.,  and  very  rarely  in  tjrphoid  fever 
apart  from  any  heemorrhage  elsewhere.  In  most  of  these  cases  its  oc- 
currence has  not  been  suspected  until  the  post-moi-tem  examination 
revealed  it,  and  it  probably  occurs  generally  during  the  last  moments 
of  life.  A  rare  cause  is  the  bursting  of  an  aortic  aneurism  into  the 
spinal  canal,  after  erosion  of  the  bodies  of  the  vertebrae,  the  blood 
lacing  effused  outside  the  dura  mater.  Haemorrhage  within  the  dura 
iiuiter  has  also  resulted  from  the  rupture  of  an  aneiu-ism  of  a  vertebral 
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trierj.  Blood  maj  descend  into  the  spinal  membranes  from  the 
omuum.in  cases  in  which  a  rerebral  extraYasatiou,  especiallj  about  the 
poifcSy  escapes  into  the  meningeg ;  this  maj  oi^cur  in  adults  as  well  as 
ia  tike  mfioingeal  ha?mon'hage  tliat  is  produced  during  birth.  Lastly, 
in  imm  of  intense  meningeal  inflammation^  ecchjnioses,  and  som*.'- 
finw  oonsideirable  eilravasationB,  havo  been  found  on  both  sides  ot 
the  dura  mater,  or  in  the  pia  mater. 

pATUOLOoicai.  Ajtxtomt. — Eadra-dvral  ha&morrhage  comes   from 

the  plexus  of  hurge  reins  which  lie  between  the  dura  mater  an*i  the 

bone*    It  is  usually  not  of  kr^e  extent,  and  the  blood  collects  chiefly 

the  posterit»r  aspect,  where,  in  the  recumbent  posture,  grayitatitm 

aocumuhition,  and  the  space  between  the  membrane  and  the 

jfl  greater  than  tn  front.    But  sometimes  the  extravasation  is 

fir^  coctensiTe^  oovering  a  large  part  of  the  dura  mater,  and  in  such 

fmm  it  maj  extend  through  the  interrertebral  foramina,  along  the 

lenres.     Hssmorrhage  is  more  common  in  the  cerrical  region  than 

ibflnrliere,  but  may  occur  in  any  part.     The  blood  is  usually  c^agu- 

wbollj  or  partially.     The  dura  mater  is  blood-staineii.  some- 

erren  through  to  the  inner  surface.     The  spinal  cord  may  be 

ipHMMed,  but  the  amount  of  blood  is  not  often  sufficient  for  this. 

im  easy   to   fall    into   grave   error  regarding   the   presence  of 

ha?Tiiorrhage ;  when  a  body  has  been  lying  on  the  back,  the 

oatside  the  dura  mater  l»ecome  distende^l  with  blood,  and  this 

when  their  walls  are  divided   in  opening  the  spinal  canal. 

Cmrv  must  be  taken  to  ayoid  the  error,  on  the  one  hand,  of  regarding 

tike  blood  thus  escaping  as  an  ante-mortem  extraTasation,  and«  on  the 

otbcr,  of  orerlooldng  &  hiemorrhage  which  actually  exists.     In  all 

d0M  of  a^cute  Bftinal  disease,  in  which  a  post-mort'Cm  examination  is 

to  be  mada,  the  body  should  at  first  lie  face  downwards. 

Jmtriy-mmingeal  hmmorrJuxge. — An  extrayasation  into  the  sac  of  tho 
dorm  mater  (subdural  hsenuirrhage)  may  be  small  in  quantity,  or  may 
fill  the  whole  eurity.  Whon  small  it  may  pass  from  one  part  to 
In  siiliarachnoid  haemorrhage,  the  blood  comes  usually  frum 
tbe  TMwels  of  the  pia  mater  *  it  may  surround  the  cord  for  an  mch 
or  tmo,  or  may  ^  the  whole  eubarachnoid  cayity.  Such  extensive 
mre  imre,  except  when  the  blood  descends  into  the  arachnoid 
horn  tha  oeiebnd  membranes.  Blood  effused  i&to  the  spinal  arachnoid 
bw  btmx  IcoowiL.  to  ascend  as  high  as  the  pons,  and  even  to  break 
the  Talve  of  Vieussens  and  get  into  the  cerebral  ventricles.* 
Sjorahaiieotii  cerebral  and  spinal  )  haemorrhages  h«ye  been  known  to 
from  &  oommoQ  and  powerful  cause,  as,  for  instance,  in  a  case 
etpeal  edAropaia  (Charrier). 
1m  msntsgaal  hosmorrluige,  cerebral  as  well  as  spinaLthe  spinal  fluid 
blood-stained,  and  tbus  spinal  hfemorrhage  may  be  thought 
to  bi  won  considerable  than  it  really  is.     The  spinal  oord  is  often 

A*  ^  •»  appar^ally  cooolostvi^   cti«c  rt^porb-d  bj  Lepmtre,  '  Arch.  g<te.  dt 
.'  mati,  p.  SSL 
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diflcolonred  and  compressed,  and  ii  especiallj  damaged  when  t^e 
haBmorrliage  is  beneath  the  ara<^:hnoid.  In  extensire  ertra-meningea] 
hsemorrhage,  the  Bubarachnoid  fluid  may  be  driTen  away  from  the 
oompreesed  part,  and  may  distend  the  arachnoid  beyond  the  area  of 
oompression,  the  limit  of  which  ia  thus  marked.  In  caseB  which  hare 
lasted  more  than  a  few  days  there  are  usually  signs  of  meningitis,  set 
up  by  the  irritation  of  the  blood. 

Stmptoms. — As  already  stated,  slight  meningeal  haBmorrhage  is 
sometimes  found  post  mortem  in  death  from  conrulsive  diseases  when 
no  sjmptoms  of  it  were  obaerred  during  life,  and  in  these  cases  it  is 
probable  that  the  extravasation  occurs  during  the  lethal  convidsions. 
In  the  cases  in  which  hsemorrhage  causes  symptoms,  these  are,  for  the 
most  part,  those  of  meningeal  irritation,  and  thus  bear  some  resem- 
blance to  the  symptoms  of  meningitis.  They  difier  in  the  suddenness 
and  violence  of  their  onset,  to  which  exceptions  are  extremely  rare. 
These  sjrraptoms  are  nearly  the  same  whether  the  hajraorrhage  is  out- 
side or  inside  the  dura  mater. 

The  first  indication  of  the  lesion  is  usually  sudden  and  violent  pain 
in  the  back,  corresponding  in  ponition  to  the  seat  of  the  hiemorrhage, 
but  generally  felt  along  a  considerable  extent  of  tbe  back,  and  often 
severe  in  the  loins.  This  pain  in  the  back  is  usually  accompanied  by 
pain  along  the  course  of  the  nerves  passing  through  the  membrane 
near  the  extravasation,  darting  or  burning  pains,  often  of  great  in- 
tensity ;  they  are  paroxysmal  in  character,  and  between  the  pains  there 
may  bts  various  abnormal  sensations,  tingling,  Slc,^  rtforred  t^  the  same 
parts,  and  accompanied  by  hypenesthesia.  Muscular  spasm  usually 
coincides  with  the  pain,  and  involves  partly  the  vertebral  muscles, 
causing  rigidity  of  the  spine  or  actual  opisthotonos,  partly  the  muscles 
supplied  by  the  nerves  in  which  the  pain  is  felt,  partly  the  muscles 
supplied  from  the  cord  below  the  seat  of  the  hemorrhage.  The  con- 
vulsive movements  are  sometimes  general.  Intense  pain  in  the  back 
and  general  convulsion  have  been  known  to  be  the  only  symptoms. 
Occasionally  there  is  persistent  contraction  of  muscles,  and  there  is 
usually  spasmodic  retention  of  urine.  These  symptoms  of  imtation 
are  no  doubt  due  in  part  to  the  irritation  of  the  membranes  (c-ausLng 
the  vertebral  pain  and  reflex  spasm),  and  partly  to  the  irritation  of  the 
nerve-roots,  motor  and  sensory.  Paralytic  symptoms  quickly  follow — 
weakness  and  lessened  sensitiveness  in  the  limbs  below  the  lesion.  In 
some  cases  there  is,  at  last,  complete  loss  of  motion  and  sensation  in 
the  lower  limbs»  but  such  absolute  paralysis  ia  not  common.  Loss  of 
power  at  the  onset  of  the  symptoms  usually  indicates  either  simul- 
taneous hfemorrhagfe  into  the  cord  or  the  effusion  of  a  very  large 
amount  of  blood.  It  occurs,  for  instance,  when  an  aneurism  bursts 
into  the  spinal  canal. 

The  symptoms  necessarily  differ  in  situation  according  to  the  seat  of 
the  disease.  When  haemorrhage  is  in  the  cervical  region  (a  frequent 
seat),  the  pains  are  felt  in  the  neck  and  arms,  and  the  rigidity  may 
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araie  abaolnte  immobnify  of  the  neck ;  wMe  dysphagia,  interference 
with  refipiratioii,  and  dilatation  of  the  pupils  may  be  added  to  the 
other  paralytic  symptoms.  When  it  is  in  the  dorsal  region,  intense 
pain  encirelea  the  cheat  or  abdomen.  If  in  the  lumbar  region,  the 
pain  is  felfc  in  the  legs,  and  thiTt?  are  early  paraplegic  symptoms,  with 
losE  of  r*'flex  action  in  tho  legs,  and  the  paralytio  incontinence  of 
urine  and  faeces  described  oa  p.  246. 

Afl  a  rule,  in  spinal  hfi&morrhage,  the  cerebral  functions  are  un- 
affected; the  unfortunate  patient  is  conscious  of  all  hia  sufferings 
from  first  to  last.  Occasionally »  however,  consciousness  is  lost  for  a 
short  time,  apparently  from  shocks  and  delirium  or  coma  may  come 
on,  either  as  an  indirect  effect  of  the  spinal  lesion  on  the  brain,  or  in 
consequence  of  a  sudden  increase  in  the  intra-cranial  pressui-e,  due  to 
the  displacement  upwards  of  the  cerebro-spinal  fluid*  But  in  most 
cases  in  which  eerebral  symptoms  coexist  with  those  of  spinal  heemor- 
rhage,  the  former  have  been  due  to  simultaneous  intra-cramal  disease ; 
this  is  the  case  when  the  blood  found  in  the  spinal  canal  comes  from 
within  the  skull,  as  in  most  cases  of  meningeal  hffimorr^age  in  m-wly- 
boni  children  (aee  Tol.  II).  In  very  rare  cases  the  symptoms  of  spinal 
haemorrhage  have  come  on  jiisidiously,  without  pain,  as  in  a  case  in 
which  extensive  hsBmorrbage  outside  the  dura  mater  in  the  cervical 
and  upper  dorsal  region,  in  a  girl  of  fourteen,  caused  only  very 
gradual  weakness  in  the  arms,  and  diflScuity  of  breathing,  from 
which  she  died  at  the  end  of  a  fortnight.*  8uch  a  case  illustrates 
the  almost  universaJ  law  that  there  is  hardly  any  "characteristic" 
symptom  of  a  disease  that  is  not  sometimes  absent,  and  that  the 
absence  of  such  eymptoms  has  incomparably  less  signi^cance  than 
their  presence. 

The  symptoma  of  meningeal  hxemorrhage,  in  acute  cases,  usually 
reach  their  height  in  two  or  three  hours,  but  sometimes  not  for  a  few 
d&ys.  Death  may  occur  when  the  effects  are  fully  developed;  or, 
after  the  symptoms  have  reached  their  height,  they  may  decline,  to  be 
rt-newed,  a  day  or  two  later,  by  secondary  meningitis.  This  is  accom- 
panied by  some  pyresda,  and  may  cause  death ;  but  i£  moderate^  the 
symptoms  of  inflammation  last  a  week  or  ten  days,  and  then,  in 
favorable  cases,  permanent  improvement  commences. 

The  period  of  the  disease  at  which  death  is  most  common  is  a  few 
hours  aiter  the  onset  of  the  symptoms.  It  may  be  due  to  exhaustion, 
in  consequence  of  the  violence  of  the  pain  and  spasm,  but  is  more 
often  caused  by  the  interference  with  respiration  that  results  from  the 
conjoined  effect  of  the  palsy  and  spasm. 

Diagnosis.— In  eases  in  which  definite  Bymptoma  are  produced, 
the  diagnosis  rests  on  the  combination  of  sudden  local  pain  in  the 
back,  with  the  other  evidence  of  irritation  of  the  membranes,  nerve- 
roots,  and  cord,  above  enumerated.  When  the  hopmorrhage  is  of 
traumatic  origin,  the  fact  that  the  symptoms  rapidly  followed  an 
*  a,  Jftcksoa. '  LtDcet/  18G9,  p.  6* 
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injur  J  facilitates  the  diagnosis.     In  the  extremelv  rare  mart  in 
the   eymptoniB   come  on   inBidiouely,  without  pain^  the  fliiigmidl  d 
the  exact  nature  of  the  disease  is  scarcely  fjossible. 

In  haBmorrhajore  into  the  substance  of  the  oord,  Tertebml  |»tn  ii 
much  more  frequently  absent  than  in  menint^eal  hsmorrhA^j^e,  ihd 
whon  it  occurs  is  less  intense  and  does  not  spread.  The  ertaptom*  ^^i 
injury  to  the  cord  itself  are  prominent  fn3m  the  commencemefit ;  tbnt 
is  sudden  paralysis,  it  may  be  at  first  partial*  and  rapldljr  inerQMbig; 
eren  if  there  is  some  spinal  pain  at  the  onset,  the  lo««  of  power  it 
soon  recognised,  not  being  concealed  either  by  the  sererity  of 
or  by  spasm.  In  meningeal  luBmorrluige.  severe  pain  nod  e 
of  irritation  usually  precede  considerable  paralysis.  In 
recover,  the  paralytic  symptoms  are  more  persistent  whvn  the 
rhage  is  into  the  substance  of  the  cord.  But  haemorrhage  into 
cord  often  i<reaks  through  into  the  membranes,  and  thts  syniptomt  of 
both  lesions  are  then  combined. 

Meningitis  is  distinguishc'd  by  the  more  gradual  onset  of  tha 
8\Tnptomfl  and  by  the  presence  of  fever  from  the  first ;  the  fact  that 
inflammatmn  results  fi*om  hcemonhage  must  be  k^pt  in  miud.  la 
myelitis,  pain  is  commonly  absent,  and  the  symptoms  '>{  irriteliqii  art 
insignificant.  The  dtagnoBis  from  tetanus  depends  on  the  abvenoeof 
trismus,  on  the  presence  of  severe  spinal  pains,  and  on  thu  s^ddrtt 
onset.  In  newly-born  children  the  diagnosis  is  8up|K>s«»d  to  be  diffi- 
cult, but  during  the  first  few  hours  or  days  the  tetanoid  sjmptonii 
wliich  sometimes  occur  are  the  result  of  meningeiil  hrmirrrhllgn  mi 
injury  to  the  mot4:ir  cortex. 

One  case  of  spinal  hesmorrhage  has  heen  recorded  in  whidi  tlit 
symptoms  very  closely  simulated  those  of  stiychmiie  pokK>ttiB|p» 
Violent  paroxysms  of  muscular  spasm,  with  inteuse  genefal  pMii« 
without  spinal  pain,  followed  by  death  in  two  hours,  were  ap 
due  to  an  extensive  hemorrhage  into  the  sac  of  the  dura 
Analysis  revealed  no  strychnia  in  the  stotnach.  In  such  a  ca«e 
gnosis  would  have  to  be  determined  as  much  by  circumstantial  ert^aom 
as  by  the  snnptoms,  and  even  the  post-mortem  discovery  of  iMBmorw 
rhage  could  ouly  be  received  as  evidence  of  the  cause  ef  the  oooTuliaoB 
if  uo  other  were  found 

Pboonosis. — ^In  all  severe  cases,  death  in  a  few  hours  ts  to  te 
feared.  The  prognosis  only  becomes  less  grave  when  the  sTiap4oBis 
have  distinctly  reaohe^i  their  height,  alth«>ugh  there  is  tliU  soai 
danger  until  the  period  of  secondary  inflammation  is  over.  Pkralytie 
svmptoms  often  persist  for  some  time,  but  even  these*  in  the  end,  nmr 
pass  away.  At  the  onset,  the  prognosis  must  be  governed  by  th«* 
rapidly  with  which  the  symptoms  develop  and  by  the  seat  of  ihf« 
disease.  Hemorrhage  in  the  cervical  region  is  especially 
beosuse  the  mechanism  for  breatliing  is  dtr^Uy  involved. 
TnxAmsifT. — The  first  {x)int  is  to  secure  absolute  rest. 

•  DixoD. '  Lancet,*  1879.  p.  988. 
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patsiTe  moTement  ihouM  be  avoided*  Postnre  is  also  of  most  urgent 
importance.  It  should  be  on  tbe  face  or  side,  and  not  on  the  back,  so 
that  the  spine  may  not  be  the  lowest  part.  The  prone  position  for  a 
few  hours  adds  greatly  to  the  chances  of  less  damage.  Venesection 
has  been  employed  in  strong  indiTidnalfl,  with  the  object  of  arresting 
hsemorrhage  by  rapidly  lowering  the  blood-pressure.  Leeches  or  wet 
cupping  to  the  spine,  or  leeches  to  the  anus,  have  also  been  recom- 
mended in  cases  in  which  venesection  is  unadyisable.  It  is  probable 
that  the  local  abstraction  of  blood  does  more  in  this  than  in  most 
internal  bsemorrhages,  on  account  of  the  communication  bc4TweeTi  the 
venous  plexuses  and  the  veins  in  the  retro -vcrtebi'al  tissues ;  and  it  is 
probable  that  the  wisest  treatment  at  the  onset  would  be  scarification 
beside  the  spine,  opposite  the  seat  of  pain,  the  blood  being  allowed  to 
flow  freely.  This  may  be  followed  by  the  application  of  ice  and  by  the 
administration  of  ergo  tine  by  the  skin  or  mouth.  Afterwards  the 
bowels  should  be  freely  opened.  Sedatives  are  usually  required  to 
relieve  the  pain.  The  stage  of  meningitis  must  be  treated  on  the 
principles  laid  down  for  the  management  of  the  acute  form  of  that 
disease.  The  residual  palay  rciiuires  treatment  by  electricity,  4c,  in 
the  same  manner  as  the  consequent^es  of  meningitis. 

In  extra* meningeal  haemorrhage  it  seems  justifiable  to  remove  blood 
Hiat  is  compressing  the  cord,  by  opening  the  canal  and  perhaps  even 
waahing  out  the  canal  with  an  astringent  and  antiseptic  solution. 
Even  when  the  blood  is  within  the  dura  mater,  the  operation  seems  to 
deserre  oonsideration  if  life  is  threatened. 


DISEASES  OF  THE  SPINAL  COED. 


AN^^MIA  AND  HTPER^MIA  OF  THE  SPESTAL  COED. 

The  condition  of  the  vessels  of  the  spinal  cord  after  death,  their 
fulness  or  emptiness,  affords  no  indication  whatever  of  their  state 
during  life.  Inferences  as  to  the  ante-mortem  state,  drawn  from  the 
post-mortem  condition,  are  altogether  erroneous,  with  the  rare  excep- 
tion of  local  change,  in  which  the  vascular  condition  of  one  part 
differs  from  the  rest.  Practically,  such  local  variation  occurs  only  as 
part  of  a  local  lesion,  as,  for  instance,  in  the  hypersemia  that  attends 
inflammation,  and  the  anaemia  that  results  from  pressui-e*  Hence  the 
occurrence  of  variations  in  the  state  of  the  vessels  of  the  cord,  and  the 
effects  that  such  variations  may  produce,  are  matters  of  inference  from 
symptoms  observed  diiring  life— symptoms  that  are,  in  themBelvea, 
open  to  various  interpretations.  Where  the  ground  is  barren  of  facts, 
theory  is  always  luxuriant.     Ansemia  or  congestion  of  the  cord  affords 
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a  readj  explanation  of  symptoms  the  c^use  of  which  is  unknown,  ai3fl 
it  is  scarcely  surtvrising,  therefore,  that  liuch  an  explanation  haa  he*n\ 
oftezL  given.  But  the  extent  to  which  the  conditions  have  been  invoked 
tranacends  any  measure  of  justification,  and  surprifie  c^innot  but  \*e 
felt  at  the  absolute  confidence  and  precision  of  detail  with  wluoh  these 
states  have  been  assumed  to  exist,  when  there  has  been  no  tittle  of 
definite  evidencG.  Positive  assertions  always  receive  some  credence, 
however  unwarrantetl  the  assertions  may  be,  and  positions  incapable 
of  proof  are  sometimes  also  incapable  of  disproof.  It  would  be  a  futile 
and  useless  task  to  attempt  to  refitte  in  d«tuil  the  various  Btatemeu*s 
that  have  been  made  regarding  the  infiuence  of  anaemia  and  by  [XTietuta 
of  the  spinal  oord.  It  will  be  suffieieul  to  point  out  bnefly  what  may 
be  reasonably  surmised  regarding  these  morbid  states. 

ANaSMTA   OF    THE    COBD. 
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Permanent  diminution  in  the  hlood-sujiply  to  considerable  areas  of 
the  spinal  cord  must  be  a  result  of  the  general  narroi^'ing  of  the 
arteries  that  hivs  l^e+^n  met  with  in  some  cases  of  chronic  nieaingitis ; 
bnt  it  is  then  associitted  with  structural  changes  in  the  oi-gan,  the 
elfecta  of  which  obscure  any  symptoms  that  can  be  ascribed  to  the 
anffimia.  Kotbing  is  practically  known  of  the  special  consequences  of 
tlus  condition.  The  same  statement  may  bi^  made  of  the  arrest  of  the 
blood- supply  to  limited  ai-eas,  although  it  may  safely  bo  asserted  that 
loss  of  function  of  the  part  must  be  a  necessary  consequence.  This 
has  been  also  demonstrated  by  experiment.  Suddenly  produced 
anaemia  at  once  abolishes  function  and  quickly  causes  necrosis  of  the 
nerve-eleinents^Borae  of  whieh»  however,  break  up  less  rapidly  than 
others,  and  retain  for  a  longer  time  the  power  of  resuming  function 
if  the  blood-sup|tly  ia  restored.  It  is  possible  that  such  local  ai-rt'iit 
of  the  oirculation  is  the  initial  process  in  some  organic  lesions  of  the 
cord,  but  thL^  fact  has  still  t<i  be  demonstrated  The  question  of  the 
occurrence  of  embolism  is  referred  to  in  a  separate  section. 

Tratmunt  ifintitmtion  in  t)^.  blood^^upply  may  conceivably  be  the 
result  of  in^i"  rfect  embolism,  but  haa  not  been  proved  to  have  tliis 
origin.  It  is  sometimes  supposed  to  be  dne  to  arterial  spasm,  de- 
pendent on  the  vaso-motor  nerves.  This  has  been  assumed  as  an 
explanation  of  certain  passing  symptoms  occasionally  complained  of, 
loss  of  power  in  the  legs,  and  sensory  disturbance,  tingling,  "plus 
and  needles/'  <S;c  ,  in  the  legs  and  arms.  It  may  possibly  also  be 
the  cause  of  the  tetanoid  cramp  and  tingling  in  the  hands  with  which 
patients  sometimes  wake  up  during  the  night.  The  theory  is  tenable, 
but  it  is  also  conceivable  that  such  symptoms  are  due  to  transient 
functional  states  of  the  nerve-cells  of  the  cord.  A  functional  de- 
rangement of  these  cells  must  be  the  immediate  cause  of  the 
symptomflr  whether  such  derangement  is  primary  or  ia  produced  bv 
•gpaam  of  the  vessels.    The  opinion  that  the  "  nocturnal  tetany/'  (as 
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it  maj  he  called,)  has  the  latter  origin  is  supported  by  the  fact  that 
the  occurrence  of  the  symptom  may  be  prevented  by  a  amall  dose  of 
digitalk^  taken  at  bedtime* 

Tbe  curious  symptom  known  as  "intermitting  lameness**  (-which 
wi>iild  be  better  termed  •*  paroxysmal  lameness  '*)  is  supposed  to 
df^pi^nd  on  temporary  diminution  of  the  blood-supply  consequent  on 
arU'rial  degeneration,  but  it  is  not  known  whether  the  seat  of  this  is 
tlie  spinal  cord  or  the  brain.  The  character  of  the  symptom  suggests 
the  former,  but  its  associations  the  latter,  and  it  is  not  known  that 
the  arteries  of  the  cord  are  ever  the  seat  of  atheroma  in  the  cases  in 
which  this  condition  causes  the  cerebral  symptom  commonly  asso- 
ciated with  it,  "  dyslexia,"  a  peculiar  interinittiag  difficulty  in  reading 
which  will  be  described  in  YoL  II.  The  lameness  consists  in  a  sudden 
weakness  and  stiffness  of  one  leg,  accompanied  with  tingling  and 
Munting  of  sensibility,  and  of  pain  on  ati  attempt  to  use  it.  The 
symptoms  are  increased  by  an  effort  to  continue  walking,  and  pass 
away  after  a  rest  of  ten  minutes  or  so,  usually  returning,  on  renewed 
exertion,  again  and  again.  The  difficulty  only  occurs  during  exertion. 
It  is  familiar  to  Tot+Tinary  sxirgeons  as  occurring  in  horses.  The 
dyslexia  with  which  it  may  be  associated  is  of  grave  signLficance,  as  the 
cjrebral  cause  seems  always  to  have  a  strongly  progressive  character. 

In  general  anssmia,  such  as  occurs  in  chlorosis  and  pernicious 
ancemia,  the  nutrition  and  function  of  all  organs  suffer,  and  the 
spinal  cord  shares  the  general  state.  The  readiness  with  which 
fatigue  of  the  It^^s  is  induced  in  such  conditions  may  be  due  to  the 
spinal  cord  as  well  as  to  the  muscles.  The  legs  often  ache,  and  are 
Bcpmetimes  the  seat  of  various  disordered  sensations.  It  is  probable 
that  these  are  the  result  of  the  impaired  nutrition  of  the  nerve- 
elements,  in  consequence  of  which  their  functions  are  readily  deranged. 
In  some  patients  graver  symptoms  occur, — weakness  of  the  legs,  some- 
times of  the  arms  also,  which  may  increase  slowly  to  complete  paiuLysia. 
S<>n8ation  and  the  sphincters  may  also  be  affected.  The  symptoms  in 
these  cases  are  now  known  to  depend  upon  structural  changes  in  the 
spinal  cord,  to  which  reference  will  be  made  later,*  The  well-estab- 
lished fact  that  optic  neuritis  may  result  from  chlorosis  is  interesting 
as  proof  of  the  intensity  of  changes  in  nerve-structures  which  anaemia 
may  excite. 

In  the  quantUaUife  cmtsmia  that  results  from  loss  of  blood,  besides 
the  symptoms  just  described,  paraplegia  sometimes  comes  on,  under 
conditions  which  excJude  the  idea  of  hysteria.  The  source  of  the 
haemorrhage  has  most  frequently  been  the  stomach,  kidneys,  or 
uteniB.     The  paralysis  is  usually  motor  only,  but  Leyden  has  observed 

[?companying  hyperEesthesia.  It  may  come  on  a  few  hours  or  days 
after  the  loss  of  blood,  or  only  at  the  end  of  one  or  two  weeks.  Most 
cases  recover.  The  pathological  process  which  causes  the  paralysis  is 
not  known.     The  loss  of  power  is  comparable  to  the  loss  of  sight 

^  See  SectiuQ  on  "  SuleroaiM  of  tlie  Cord  itom  Tojlic  Cant ei," 
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whicli  occurs  from  the  same  cause,  in  which  there  may  be  no  visible 
morbid  change,  or  ioflamiiiation  may  be  found,  sometimes  succeeding 
the  loss  of  sight,  and  therefore  to  be  regarded  as  a  result  of  the 
deranfjement  of  the  nerve-eleiuotita,  or  of  the  influence  to  which  this 
is  due,  rather  than  as  the  cause  of  I  he  amaurosis. 

The  treatment  of  the  symptoms  due  to  general  anBPmia  is  of  course 
essentially  the  improvement  of  the  blood-state.  Symptoms  which  can 
be  asi-ribed,  with  probability,  to  vaao-motor  spasm  may  be  prevented 
by  drugs  that  ciiuse  a  more  uniform  art»^rial  tone,  such  as  digit-alis  or 
belladonna,  coupled  with  nux  vomica  or  strychnia,  to  render  the  efft-ct 
permanent. 

Htpbb^mia  of  the  Spinal  Coed, 

The  conditions  of  the  return  of  venous  blood  from  the  cord  probably 
shield  it  effectually  from  the  mechanical  congestion  from  which  almost 
every  other  organ  of  the  body  suflfers  when  the  movement  of  blood 
through  the  thoi'ax  is  hindered.  The  chief  mechanical  congestion  to 
which  the  cord  is  liablu  is  that  which  results  from  the  induence  of 
gravitation,  and  occurs  whni  a  ptTsou  is  lying  on  the  back.  The  dis- 
tension of  the  veins  outside  Uie  dura  muter,  and  also  of  those  of  the 
pia  mater,  which  occurs  when  the  heart  has  ceased  to  act,  and  the 
blood  is  free  to  obey  the  only  mechanical  force  which  then  acts  upon 
it,  sufficiently  proves  the  power  of  gravitation  to  congest  the  cord. 
But  it  is  not  probiible  that  gravitation  has  anything  like  the  same 
influence  during  life,  counteracted,  as  it  then  is,  by  many  other  forces. 
Some  persons  with  imperfectly  notirished  cords  (easily  fatigued,  liable 
tu  tingling,  &c.,  in  the  legs)  suffer  fix>m  aching  in  the  legs  or  spine 
when  they  lie  on  the  back.  Since  this  ceases  when  the  posture  is 
changed,  it  is  probably  due  to  the  mechanical  congestion  of  the  cord 
or  membranes.  It  is  doubtful  whether  any  other  symptoms  can  be^ 
with  confidence,  assigned  to  mechanical  congestion. 

Of  active  congestion  our  definite  knowledge  may  be  summed  up  in 
the  statement  that  it  occurs  in  the  early  stage  of  inflammation.  We 
know  nothing  of  it  as  an  independent  condition,  Ifl'evertheless  many 
pages  might  be  filled  by  the  enumeration  of  the  various  symptoma  of 
congestion  of  the  spinal  cord, — in  which  the  unrestricted  play  of 
*•  scientific'*  fancy  has  elaborated  a  symptomatology  for  the  separate 
congestion  of  every  part  of  the  spinal  cord.  Probably  the  only  case  in 
which  we  are  warranted  in  suspecting  a  primary  active  congestion  of 
the  cord  or  membranes,  is  that  in  which  symptoms  identical  with  those 
of  commencing  myelitis,  and  following  a  cause  of  myelitis,  pass  away 
in  the  course  of  a  few  days.  These  cases  will  be  mentioned  in  the 
account  of  inflammation  of  the  cord. 

An  active  congest  ion,  which  may  be  railed  secondary,  eeems  to  result 
from  prolonged  and  violent  action  of  the  ner^e-elements  of  the  spinal 
cord.     Thus  local  dilatation  and  distension  of  vessels,  migration  of 
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leucoc}^efi  into  the  sheatli  and  into  the  adjacent  tisBoe,  and  even  small 
extravasations,  are  found  in  some  cases  of  hydrophobia,  of  tetanus, 
and  of  Btiychnine  poisoning,  and  it  is  prohnblo  that  a  aimilar  con- 
gestion attends  all  violent  phy8ioh>g^icul  activity,  violent  and  continued 
muscular  exertion,  coitus,  <&c.  Coitus  sevend  times  repeated  has  been 
known  to  cause  hsDmorrhage  within  the  cord  which  must  be  prec^-ded 
bv  an  intense  congestion.  Vascular  dilatation,  with  an  increased 
blood -supply,  is  the  physiological  attendant  of  functional  activity  in 
all  organs,  and  doubtless  also  in  the  cord,  but  it  is  morbid  only  when 
excessive.  It  is  doubtful  whether  it  causes  symptoms  unless  it  goes 
on,  as  it  probably  may,  to  actual  inflammation. 


ESTLAMMATION  OF  THE  SPIRAL  COED  j 
MYELITIS. 


Inflammation  of  the  spinal  cord  is  a  rommon  lesion  in  the  acute, 
Bubacute,  and  chronic  forma.  It  usually  causes  a  considerable 
diminution  of  consist'ence,  and  hence  the  term  '*  softening  of  the 
spina!  cord  "  has  been  used  as  a  synonym  for  it.  But  the  term  is  not 
accurate^  because  inflammation  does  not  always  cause  softening,  and 
a  diminution  of  con^iBtence  may  occur  without  inflammation.* 

The  spinal  cord  differs  from  most  other  structures  in  that  its  power 
of  recovering  funetiouul  capacity  after  damage  by  inflammation  is 
comparatively  small.  1  he  symptoms  persist  for  a  long  time,  and  are 
not  unfrequently  |>ermanent.  Hence  the  distinction  l:>etween  acute 
and  chronic  inflammation  is  to  he  drawn,  not  from  llie  whole  course 
of  the  disease,  but  from  the  mode  of  onset.  It  is  this  which  indicatea 
the  character  of  the  morbid  pr(xx^as.  Acvte  fuyditU  ia  that  form  in 
which  the  symptoms  indicating  inflammation  of  the  cord  come  on 
rapidly  and  reach  a  considerable  height  in  a  short  time,  in  less  than 
two  weeks.  When  the  onset  occupies  from  two  to  six  weeks  the 
inflammation  is  regarded  as  sttbaciite.  When  a  still  longer  time 
elapses  before  the  syraptom^a  reach  a  considerable  degree  of  intensity 
the  myelitis  is  termed  chronic.     There  is,  of  course,  no  sharp  distinc- 

•  Oppt'iiUeitu,  PuriL'  Mdiif,  and  Bruii«  have  been  eAjjecially  identified  with 
rvbjecLionj  which  have  be<?n  raiaeil  to  the  nomenclature  in  c&fteM  of  mjelitis.  Thejr 
Mltege  that  tnm\y  caseti  of  Ko-called  mvelitit  nr«  dne  to  aofteniii^  from  viuicular 
ihi^orobosia  and  to  other  oius^g  not  ittrici  )y  iujlttminatory  in  cbsract^r.  They  even 
atleg^e  that  couipreuioii  or  presaurtj  myelitia  is  a  inij^namer.  There )»,  no  ^onbt,  much 
truth  iu  tthat  thejr  allege  in  reference  to  BOftening,  but  it  k  not  eaay  to  understand 
an  objcctiuo  to  nattiing^  the  conditioti  in^elids  which  occurs,  at  least  id  many  ca&ei 
of  couapresnoTir  and  the  vieivaas  to  \vhat  conBtitntes  trne  itjUauiiuation  Hro  ko  con- 
flielini?  tltat  little  alteration  hast  been  made  in  thit  editioti  in  thti  point  of  view  from 
which  myeliti*  li  regarded  in  eiirlit»r  efhtiofJB  of  this  work. 
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tion  betveen  tlieae  classes.  The  subacute  and'  acute  forms  may  be 
coDTenieellj  described  together.  Other  Tarieties  are  based  on  the 
distribotiou  of  ihv  disease.  The  grey  matter  may  be  affected  only  or 
chk-fiy,  polw-myelit is  (from  iroA<o»,  grey),  a  form  that  has  distinctiTe 
characters  which  make  its  separate  description  desirable^  When  the 
whole  thickness  of  the  cord  is  affected  in  a  small  vertical  extent  the 
myelitiB  is  said  to  be  tratuverae.  This  is  one  of  the  most  common 
forms.  When  an  extensive  area  of  the  rord  is  continuonsly  inflamed 
the  myelitis  is  ^aiJ  to  be  diffuse  ;  when  one  small  area  is  affected  the 
inflammation  is  vnUed  focal ;  when  there  are  many  foci  contiguous  or 
distant  the  myelitis  is  said  to  be  disitmiiiatid,  and  when  such  foci  are 
present  in  the  brain  and  pons,  as  well  as  in  the  cord,  the  condition  is 
spoken  of  as  diseeminafed  enct^phalO'myeliiin.  Inflammation  of  the 
grey  matter,  around  the  centml  canal,  extending  into  the  intermediate 
grey  substance  and  to  a  less  extent  into  the  cornua,  has  been  termed 
eeniral  viyeUtU.  A  further  important  distinction  is  that  between 
parmichymatoti9  myelitis,  an  acute  affection  beginning  in  the  neire- 
elementa,  and  the  interditial  form,  which  Ix'g^ius  either  in  all  the 
elements  or  in  the  connecting  tissue,  and  in  which  vascular  disturlmnce 
takes  a  prominent  part.  The  latter  is  the  common  form  of  myelitis, 
whether  transverse  or  disseminated,  but  the  former  is  of  importance  on 
account  of  the  hmited  class  of  symptoms  to  which  it  gires  rise  and 
of  its  special  causal  relations.  This  distinction  is  already  familiar  in 
regard  to  multiple  inflammation  in  the  nerves. 


Aoirrs  Myblitiil 

Ettologt. — 'RemoU  caw^e*,— Little  is  known  of  the  influence 
hereditary  predisposition,  but  myelitis  is  8onictinies  met  with  in 
members  of  families  in  which  other  evidence  of  a  neuropathic  tendency 
can  be  traced.  Males  suffer  moi-e  frequently  than  females.  It  may 
occur  at  all  ages,  but  the  form  which  occurs  in  young  rhihlreji  is 
usually  confined  to  the  anterior  cornua ;  other  forms  of  myelitis  aro 
most  common  between  ten  and  foHy  years. 

Immediate  ca w«<?«.— MveHtis,  acute  and  subacute,  is  readily  pro- 
duced bv  injuries  to  the  cord  of  ail  kinds, — lacerations,  bruises,  and 
punctured  wounds.  It  also  seems  to  follow  simple  concussion,  but  in 
many  of  these  cases  there  have  been  minute  foci  of  structural 
damage.  The  myelitis  produced  by  concussion  is  often,  however,  far 
more  extensive  than  the  primary  lesion,  for  the  latter  may  cause  few 
symptoms,  and  a  few  days  later  a  complete  transverse  myelitis  may 
develop,  Hseniorrhage  into  the  cord,  especially  of  traumatic  origin^ 
may  have  a  similar  effect;  it  may  be  followed  aftei'  a  short  interval 
bj  extensive  myelitis.  In  cases  in  which  an  interval  of  more  than  a 
few  days  elapses,  pain  in  the  spine  may  show  that  a  morbid  process 
is  going  on  by  which  the  myelitis  is  produced.  Thus,  in  one  case  of 
at  ute  myelitis,  tw^i   weeks   after   a   fall,  tbere   was  continuous  pnin 
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during  the  interval,  correspond  in  g  to  tlie  seat  of  the  later  inflamma- 
tion. Concussion  alst*  sets  up  tlie  subacute  form  of  myelitis,  and 
this  is  especiallj  common  after  railway  accidents  (see  Traumatic 
Lesinns). 

Allied *to  injury  as  a  cause  is  yiolent  action  of  the  muBcles  attached 
to  the  spinal  columUj  which  has  some  times  appeared  to  be  the  sole 
agent  in  producing  an  acute  infiammation  in  the  adjacent  part  of  the 
spinal  cord.  The  disease  has  been  known  to  follow  a  sin^de  violent 
contraction  of  the  dorsal  muscles,  as,  for  instanfe,  a  successful  but 
yiolent  effort  to  prevent  a  fall.  It  is  possible  that  there  is  an  actual 
injury  to  the  cord  in  these  cases,  but  more  probably  inflauimation  is 
set  up  in  the  fibrous  tissues  of  the  vertebral  Lolumn  or  nerve-roots, 
and  spreads  to  the  cord.  It  is  also  possible  that  compression  of  the 
vesBels  may  be  concerned  in  the  mechanism:  In  several  cases  the 
disease  has  resulted  from  attempts  to  lift  heavy  weights.  Thus  a 
man,  two  days  after  such  an  attempt,  became  rapidly  paraplegic,  and 
ultimately  died ;  softening  of  the  cord  was  found  at  the  level  of  the 
fifth  and  sixth  cervical  vertebrae.  Slow  compression  (q.v.)  is  con- 
Btantly  attended  by  inflammation  in  the  compressed  part;  the 
myelitis  thus  set  up  may  have  an  indepemlent  course,  acute  or 
Bubacute,  and  may  not  be  proportioned  to  the  pressure.  In  cancer 
of  the  vertebral  bones,  for  instance,  very  slight  pressure  may  cause  an 
acute  inflammation  ;  there  is  prubably  si,*uietimes  an  extension  of 
inflammation  to  the  cord  from  the  external  disease,  but  such  extension 
is  not  necessary  for  the  occurrence  of  the  myelitis;  the  inner  surface 
of  the  dura  mater  is  often  normal.  Acute  myelitis  also  results  from 
internal  meningitis,  in  which  some  degi-ee  ot  invasion  of  the  cord  is 
almost  inviiriable. 

Another  exciting  cauee  is  exposure  to  cold,  especially  when  the 
body  is  heated,  lying  on  damp  grasa  or  on  snow,  batbLug  in  cold 
water,  *fec.  This  cause  has  been  s-t^posed  to  act  by  suppression  of  the 
functionfi  of  the  skin,  since  myelitis  has  been  produced  by  vamishing 
the  skin  of  animals,*  hut  it  is  unlikely  that  this  is  the  sole  mechanism. 
Exposure  of  the  back  to  cold  srimetimes  seems  especially  effective. 
Myelitis  has  been  produced  experimentally  in  rabbits  by  freezing  tbe 
skin  of  the  back  with  ether  spray  (Feinberg)  and  by  painting  the 
cord  itself  with  Fowler's  solution  (Leyden).  It  is  probable  that 
cold  usually  acts  by  the  mechanism  of  a  morbid  blood-state,  such  as 
that  whi<>h  causes  rheumatic  fever,  but  which  certainly  varies  greatly 
in  it8  precise  character  and  pathogenetic  power.  It  is  also  certain 
that  local  exposure  freqtiently  causes  inflammation  in  organs  corre- 
sponding to  the  part  of  the  surface  that  is  especially  chilled,  although 
this  influence  may  be  ehietiy  to  determine  the  incidence  of  the  effect 
of  the  blood- state.  In  myelitis  from  cold,  local  exjiosure  can  seldom 
be  traced,  and  the  common  mechanism  is  probably  that  of  a  blood- 

^  FviMlior^,  '  Vircliow'i  Archiv,'  Bd*  lix.  Id  Vulitmu't  lab^mtory  similar  expeii- 
menU  failed. 
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state.  It  i«  instnictive  to  compare  the  analogous  facta  regarding  the 
causation  of  multiple  neuritis.  Oyer-exertion  is  another  powerful 
cfiuse,  and  is  especiallj  effective  when  combined  with  insufficient 
food  and  exposure  to  cold. 

The  sudden  8up[*res.siou  of  the  menses  and  of  other  habitual 
discharges  has  l>een  supposed  to  cause  the  disease.  In  most  instances 
of  tbe  kind  there  has  also  been  exposure  to  cold»  to  which  the  gujv 
pression  and  the  myelitis  may  both  have  been  due,  and  it  is  impos- 
sible to  say  how  far  the  former  has  been  concerned  in  the  process. 
Thus,  a  girl  sat  on  wet  i^rasa  durini;  nienstniation.  which  was 
immediately  arre8te4i,  and  myelitis  followed,  ii  day  or  two  later.  It  is 
conoeivable  that  the  sudden  arrest  of  the  discharge  may  lead  to  a 
morbid  state  of  the  blood,  or  modify  that  which  a  chdl  alone  is 
capable  of  producing',  and  that  the  derangement  of  the  uterine  func- 
tions may  have  a  direct  intluence  on  the  cord  and  dispose  it  to  suflfer. 
It  is  noteworthy  that,  in  the  case  referred  to,  the  inllaramation  wa« 
in  the  part  of  the  cord  to  which  the  pelyic  organs  are  related,  the 
lumbar  region. 

Functional  over-action  of  the  cord  may  cause  inflammation  in  the 
part  that  is  thus  over-exert«d.  It  has  been  already  mentioned  that 
long-continued  stimulation  of  the  sensor)'  nerves  may  cause  myehtia 
at  the  spot  related  to  the  nerves  8tiniulate<i.  As  we  have  juust  seen, 
active  function  everywhere  involves  vasndar  dilatotion,  which»  if 
excessive,  amounts  to  active  congestion,  and,  when  prolonged,  is 
attended  by  the  escape  of  leucocytes  that  renders  the  condition  on© 
of  inflanimation.  However  excited,  such  a  process  has  a  tendency 
to  inde|H?ndenoe  of  course,  and  to  proceed  beyond  the  degree  corre- 
sponding to  its  cause.  It  is  esj>eeially  local  functional  over-action 
that  has  a  tendency  to  cauae  myelitis.  Thus  the  affection  seems  to 
be  sometimes  prrfdured  by  sexual  excesses.  Occasionally,  however, 
general  over-ai^tion  of  the  cord,  as  in  severe,  long-continued  exer- 
tion, has  lxH»n  followed  by  the  disease.  In  one  case  it  was  due  to 
lying  at  rest  on  damp  ground,  after  an  unusually  long  walk  on  a 
hot  day. 

Toxic  blood-stat-es  constitute  a  well-marked  class  of  causes,  and 
their  influence  is  rendered  the  more  distinct  by  the  analogotUB  catisik- 
titin  of  multiple  neuritis.  They  may  be  acute  conditions  due  to  some 
organised  virus.  i>erhaps  allied  to  those  that  produce  the  acute  speciflc 
diseases.*  Inflaiuiuation  of  the  cord  occasionally  comes  on  in  the 
course  of,  or  after,  typhus,  typhoid,  erysipelas,  malaiia,  and  especially 
variola  and  measles,  as  well  as  acute  rheumatism  and  severe  puerperal 
diseases.  Tlie  (•nset  may  be  during  the  acute  disease,  at  any  period 
after  it  has  existed  for  about  a  third  of  its  duration,  or  it  may  occur 
during  convalescence,  or  a  month  or  more  after  the  disease  is  over, 

•  Bee  Buzaini  and  llmeu  Rii««!il  CTmn*.  Clin.  Sor./  1887),  who  dfifribt*  n  case 
ofmenltij^o-iuyelttii  in  whieh  ii  diplicocoua  vrM  foiiiul  in  themenibranei^ftodeQllan-* 
ou  iiutTWnfc  iiitfJia  show  eJ  tlie  presence  of  mi  ideiitieftl  urg-anism. 
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Wliether  syphilifl  is  a  cause  of  acute  mjelitis  is  a  question  on  which 
opmioQs  differ.  Attacks  of  acute  myelitis  are  not  uncommon  in 
Bjpkilitic  subjects,  and  it  seems  on  tlie  wliole  probable  that  the 
mechanism  is  bj  disease  of  the  yessels,  such  as  is  found  in  the  pia 
mater  in  some  cases.*  The  myelitis  that  occurs  in  acute  specific 
diseases  is  probably  due  to  the  virus  of  the  primary  disease,  to  a 
product  of  it,  or  to  a  secondary  infection  engrafted  on  the  first. 
Thus  Marinesco  found  streptococci  in  the  spinal  cord  in  a  patient  in 
whom  paralysis  came  on  in  the  course  of  smallpox.  The  fact  that 
the  inflammation  is  commonly  disseminated,  suggests  that  some 
specific  organisms  have  a  tendency  to  fix  themselves  in  the  spinal  cord 
and  set  up  inflammation.  In  diphtheritic  paralysis,  the  cells  of  the 
cord  may  present  changes  that  amount  to  a  parenchymatous  myelitis. 
The  fact  that  chronic  changes  in  the  cord  may  be  a  late  effect  of 
syphilis  (as  in  tabes)  makes  it  the  more  easy  to  conceive  that  acute 
processes  should  sometimes  occur  in  an  earlier  stage  of  the  disease-f 

In  another  class  of  diseases,  a  special  influence  of  the  Tims  appears 
to  be  associated  with  the  results  of  functional  over-action.  This 
effect  is  especially  Keen  in  hydri  >phol>ia  and  in  tetanus.  In  some 
caaes  of  this  diKease,  foci  of  a  somewhat  dift'use  myelitis  of  slight 
degree  are  conspicuous  on  microscopical  eiamination.  StiU  more 
intense  myelitic  changes  are  sometimes  met  with  in  the  chorea  of  the 
dog»  although,  in  other  instances,  the  cord  is  normal. 

Chronic  blood-states  and  constitutional  conditions  may  also  cause 
ftcute  myelitis.  Alcoholism  is  an  occasional  cause,  and  frequently 
produces  the  subacute  form,  donorrhoea  has  also  been  shown  by 
Leyden,!  Gowers.g  Barrie,  and  others  to  be  a  cause  of  myelitifl,||  The 
most  potent  agent  of  this  class  is  gout.  This  is  known  to  he  a 
frequent  cause  of  inilitniniiition  in  Tarious  structures, — of  the  nerves 
among  the  rest;  and  cases  of  acute  and  subacute  myelitis  are  met 
with,  especially  of  the  disseminated  and  relapsing  forms,  for  which 
no  other  cause  can  be  discovered.  In  one  such  case  the  patient  had 
but  lately  recovered  from  a  severe  and  prolonged  attack  of  gouty 
inflammation  of  several  intra-ocular  structures.  Like  other  chronic 
general  causes,  gout  probably  often  acts  as  a  predi^ponent  when  the 
malady  is  excited  by  ^ome  other  cause. 

Irrit-ation  and  infiammation  of  peripheral  organs,  as  the  uteniB, 
bladd»M%  kiihu^ys,  inli^'stine,  &c.,  have  been  supposed  to  be  an  occasional 
cause,  but  this  intliii'uce  is  exceedingly  doubtful,  except  in  the  rare 


•  Surfden  paraplejria  occurred  in  h  cane  in  which  there  was  diffunt  tirtrrttl§,  tap- 
poied  t<:}  he  svplulitic  (Schmaus,  'Arch.  f.  kl.  Med./  18S9) ;  eee  also  WUliamsoiif 
•  Lancet,'  18&4. 

+  Bourfjret  ('  Arrh.  de  1AM.  exper.,'  1893)  found  mcate  myelitii  almost  destroying 
the  Iniuhar  enlarg-cmr-nt,  prixliif  i?d  by  the  iujoctiou  of  the  Jttreptococci  of  erjriipoliui. 

t  *  Ztutschr,  f.  klin.  Mid..'  1893. 

§  '  Clinical  Letrtures,'  Gower**. 

II  Compare  with  this  it  coiuliijon  of  neuritis  retulting  from  gonorrlic&a  (p.  147). 
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cases  in  which  inflammation  of  a  nerve  ascemia  to  the  oord.  In  a 
oousiVleraljIf?  uiimlx^r  of  cases  we  are  able  to  discover  no  caiiBe  to 
which  myelitis  can  lie  ascribed.  Many  of  these  are  probablj  due  to  & 
blood-state  which  may  have  oo  other  consequenoeA  or  may  also  cause 
siniultaueous  inflamniattoa  elsewhere,* 

Pathological  Anatomy.^ — In  recent  acute  inflammation  o£  the 
cord,  the  pia  mater,  at  the  affected  part,  is  usually  red  and  vascular, 
and  the  o<>rd  itself  may  be  slightly  swollen.  Its  tissue  is  reddened  and 
<)ft4?tt  marbled  from  distended  vessels,  and  the  distinction  between 
n  Into  and  grrey  matter  in  ludiKtinct  or  lost. 

Tlie  dimiuution  of  consistence  which  occurs  in  ficuta  inflammation 
may  be  so  great  that  the  affected  part  is  diffluent,  lite  cream,  and 
flows  out  when  the  pLa  muter  is  divided.  It  does  not  follow  that  tJie 
consistence*  is  IcRsjened  t-o  this  degree  durino^  life;  post-mortem  soft- 
ening o  •  more  readily  at  an  inflamed  part.  When  the  vascular 
disturbance  and  extravasation  are  considerable,  the  condition  is  termed 
'* red  softening ;*  so  much  blood  may  be  effused  into  the  tissue  tiiat 
the  part  looks  aa  if  there  had  been  an  actual  hiemorrhage,  and  in 
Home  cases  an  extA^nsive  extravasation  does  actually  exist;  tliis  form 
is  termed  ••hBOmorrhag^ic  myelitis.**  If  the  inflammation  has  existed 
for  some  time,  the  effused  blood  is  altered  in  tint,  and  the  colour  of 
the  softened  part  nmy  be  rather  chocolate  than  red.  After  a  longer 
time  the  changes  in  the  blood- pigment  cause  the  colour  to  be  lighter, 
'* yellow  softening."  In  many  cases  the  ltr<^akiug  up  of  the  nerve- 
elements  (partly,  as  just  stat<?<i,  post  mort-em)  is  out  of  all  proportion 
to  the  extravasation  of  blood,  so  that  the  suitening  is  **  white."  It  ia 
said  that  red  and  yellow  softening  may  ultimately  become  white  from 
the  removal  of  the  likwKl- pigment,  but  the  evidence  of  this  is  inade- 
quate. The  period  at  which  these  changes  of  colour  are  found  varies 
according  to  the  amount  of  extravasation  at  the  onset.  At  a  later 
period  the  yellow  or  white  opaque  aspect  is  changed  to  a  grey  trans- 
lucent ai)pearaiice,  from  the  absorption  of  the  fatty  products  of 
degeneration,  and  uld.  increase  in  the  connective  tissue.  If  the 
myehtis  is  very  limited  in  extent,  cavities  may  be  formed  within  the 
oord. 

The  microBcopic^l  appearances  in  nivflitis  vary  much  according  to 
the  duration  and  form  of  tbe  inflammation.  In  the  fresh  state  the 
Hiost  conspicuous  objects  are  the  products  of  degeneration  of  the 
fibc^>  granules  and  masses  of  myelin,  and  granule  corpuscles,  with, 
la  oldfT  cases,  the  peculiar  bodies  termed  "  corpora  amylacea  '* 
fg^,  97).      With  thesa  are  numerous  red  blood-discs,  leuoocjte* 

tinil  Mass^eltn  {'"Rev,  de  M^d./  1894)  injected  pQr6  cultorct  of  Staphy* 

Mid  Bacterium  coH  commune  infco  mbbit*,  prodocing  pamplegin, 

^  tpiD*!  corti  chaiigi**.     The  jjrey  matttr  wns  chii'ly  Hffected,  »i»d  tha 

could  be  found  iu  tb6  cord  mi  long  a«  ^ix  inoDtliB  later.     Tbey 

{kftraplegia  as  tilmo»t  certatnlj  th«  raiult  of  loms  infective 

tini  vrbicb  tbey  produced  artiflcijilljr. 
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lilre  corpuscles^  and,  after  the  first  week,  distinct  cells,  round,  oval, 
spindle- aiiaptjd,  or  angular,  with  nuclei  which  resemble  leucocytes  in 
size,  and  are  readily  mistaken  for  them.  Fragments  of  axis-cylinders 
may  also  be  seen,  granular  in  aspect,  and  with  irregular  swellings 
(Fig,  97). 

The  softened  and  even  diffluent  state  of  the  tissue  prevents  us  from 
learning  much,  by  microscopical  examinatiou,  of  the  condition  of  the 
parts  in  which  the  inflammation 
is  intense  and  diltiise,  because 
the  brtiakiug  up  of  the  tisane 
and  separation  of  the  f  momenta 
renders  it  impossiblo  to  obtain 
sections  of  the  hardened  organ. 
It  is  only  where  the  inflanuna- 
tion  is  less  intense,  or  less  uni- 
formly diffused,  that  a  thorough 
eiamination  can  be  made.  The 
products  of  degeneration  are 
best  seen  in  the  fresh  state  or  in 
sections  mounted  in  glycerine 
(Fig,  97).  The  fragraeuts  and 
globules  of  myelin  in  part  occupy 
the  position  of  the  nerve-iibns 
from  which  they  have  cume, 
in  part  are  aggregated  into 
masses. 

]ji  sections  rendered  trans- 
parent in  the  ordinary  way, 
the  fatty  products  of  the  de- 
struction of  the  nerve-elcmenta 
are  invisible,  and  the  moat  con- 
spicuous alterations  are  the  dila- 
tation of  vessels,  which  is  often 
very  great,  and  the  accumulition  of  leucocytes  and  other  cell- 
elements  in  the  tissue,  and  especially  about  the  vessels.  In  the  whit-e 
substance  the  larger  vessels  are  conspicuous  by  their  enlargement, 
and  in  the  grey  substance  the  dilated  arteries  and  capillaries  may 
occupy  a  considerable  part  of  the  tissue  (Figs.  98,  99,  a).  The  nuclei 
of  the  capillaries  are  large  and  numerous.  The  walls  of  the  smaller 
arteries  are  encrusted  with  leucocytes  in  the  early  stage,  and,  later 
on,  in  both  white  and  grey  substance,  are  much  thickened  by  cells, 
the  nuclei  of  which  are  often  elongated  and  more  or  less  concen- 
tric to  the  lumen  of  the  vessel  (Fig.  102,  d).  Outside  this  thickened 
wall  the  perivascular  sheath  is  enormously  distended,  at  first  by  leuco- 
cytes, among  which,  afterwards,  other  cells  are  mingled — round, 
fusiform,  angular,  with  leucocyte-Eke  nuclei  (Fig.  102).  In  transverse 
iection  this  distended  sheath  maj  look,  at  lirat  sight,  like  an  enormously 


Fig-.  97. — My«Htii.  a,  ftn  trre^alarly 
swoUeii  ttxiB-i'vlinder.  h,  wrtiou  of 
nervH-tibre  with  «wollt-n  axi^-cylinder. 
e,  scctioti  of  white  stibstance,  with 
^raniile-iimRfteft  and  iiLrapIik'd  nerver- 
tibrea,  d,  corpora  amylacea,  (Frotu 
Lev  den,) 
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thickened  wuTI.  Bed  bload-corpiisclea  distend  thie  vessels  and  are  seen 
also  in  the  adjacent  tissue,  sametimea  uniformly  scattered  through  it 
(Pig.  102,  p),  sometimes  aggregated  in  small  extravasations  due  to  the 
rupture  of  minute  vessels.  The  grey  substance  is  densely  set  with 
round  corpuscles,  staining  deeply,  many  of  which  ore  the  nuclei  of 
small  fusiform  or  angular  cells  (Figs.  99,  A,  101.  b),  while  the  inter- 
vening substance  is  much  more  granular  than  in  health*    The  nerve- 


Pio,  09.— Portioni  of  tlif  «t<tH,n  sbown  in  tlic  uvst  ti^-urc,  more  Highly  magmlfled. 
A,  fit) 111  tU<>  Iclti  tmUcoruu;  iiiHtijrided  i&pillMTies  with  iiiniiorouii  nuclei  j  larger 
ire«fifiU  with  «ligUt  diiTension  of  pf-nvjiscukiiriiiieiiiha  i  niinieroufl  round  Hud  BtelUtc 
oelLsj  gaDplion-eelln,  ftwollen,  with  ebrivelled  proeestes  C,  from  front  of  pott, 
coluuiu  i  BCiittered  nerre-fibres  Bep^i1'Hted  bj*  Hmorphona  oiiiterial  in  H^litoh  small 
oelli  can  b«  seont  round  and  irrcgMbrj  some  dinunct.  ntbertf  indistinct*  vessels 
with  thii'kened  walls.  B,  from  near  the  ]x>*U^rior  surface,  il»ows  similar  changes 
but  with  more  optrft  Hpiti'es  from  wUudi  uerve-iibres  hnve  perisUftd,  (From  aecUost 
prcpniwl  \)j  Dr.  Moiie),) 
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oellfl  are  much  swollen  and  granular,  ofk-n  contain  distinct  globules, 
atronglj  refracting,  and  probably  fattv.  The  cell -processes  appi.-ar 
shriyelled  or  lost  (Fig.  99,  a).  In  slight  cases  the  niar^'iiis  of  the 
cells  may  be  less  sharplj  defined  than  in  health,  and  the  bodies  then 
may  contain  large  vacuoles,  sometimes  wholly  within  the  cells,  some- 
times partly  within  and  partly  outside  them  in  an  adjacent  albuminous- 
looking  subsiani'c*  In  some  cases,  however,  esp^-iiially  those  of 
disseminated  interstitial  mvelitis  of  moderate  degree,  the  nerve-cells 
apj>ear  little  changed  in  hardened  and  cleared  specimens,  although  a 
granular  condition  can  usuaUj  bt?  seen  in  the  recent  state. 

In  the  white  substance,  cleared  sections  show  a  great  increase  and 
alteration  in  the  interstitial  tissue.  The  chancre  may  be  uniformly 
distributed,  or  greatest  in  the  neigh b<:>urlioyd  of  the  v*  ssels  (Fig;  lU2, 
c).  The  increase  is  due  in  part  to  an  amorphous  material,  contain- 
ing nuclei  bore  and  there,  some  of  which  l>oliing  to  cells  such  as 
have  been  described  in  the  grt-y  substance ;  and  those  may  constitute 
extensive  tracts  between  the  spaces  where  nerve-fibres  once  existed 
(Pig,  102).  In  older  cases  the  tissue  may  have  a  fibrous  aspect  in 
places.  The  large  cells,  with  many  processes  called  *'  spider  cells," 
or    ••  cells   of    Belters,"   are 


often  conspicuous  objects 
(Fig*  100).  The  processes 
eitend  between  the  nerve- 
fibres.  We  hare  seen  that 
their  existence  in  the  normal 
cord  has  been  doubted,  but  in 
the  inflamed  ct^nl,  in  which 
they  are  enlarged,  their  pr«> 
sence  is  distinct. 

The  changes  in  the  nerve- 
fibres  vary  much.  They 
always  suffer  destructive 
changes,  but  the  products  of 
their  degeneration,  above 
described,  are  scarcely  to  be 
seen    in    cleared    specimens. 

The  slightest  change  in  the  myelin  appears  to  consist  in  an  alteration 
in  its  chemical  nature,  in  consequence  of  which  it  stains  more  readily 
than  in  health.  Fibres  are  thus  changed  adjacent  to  any  increase 
in  the  interstitial  tissue,  and  they  contrast  with  the  unstauied  hpalthy 
fibres  in  the  vicinity  (Fig.  101,  e).  With  or  without  this  change  in 
the  mvelin,  there  is  an  irregular  swelling  of  the  axis^cylinders,  such  as 
is  seen  on  examination  in  the  fresh  state.    If  the  fibres  are  divided 

•  Tbe  sigtiificaiice  ot  this  vacuuUtion  lift*  hceu  mucli  diacuwed.  It  i»  pioballe 
thftt  the  Vftcuoles  fnvm  iifter  denth,  ptrliapa  during  the  procesi  of  Imrdeinng,  but 
tbi»t  they  do  not  form  anle»»  the  cells  have  been  uttered  bj  tlisease.  They  have 
tbu*  lome  pAtbologiial  Bigtiifiieance. 


^> 


Fio.  lUO,— Sabactite  di»*eniiniited  inyeHtis; 
pari  of  t'lie  posterior  column.  Nervo-fibrei 
Bt-pailibed  by  granular  mnteriiil  nud  products 
of  degenerntian,  and  by  nuuieroui  larire 
•pider  cell*.  Tht*  myeliti-i  iu  ihU  case  wiw 
aiteiided  by  opiic  ueuiili*.  (From  a  tec- 
tioii  lent  by  Dr.  Dr«nchf eld.) 
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transversely  at  ^he  places  where  the  axis-cylinder  ib  swollen,  tM« 
appears  mucb  larger  than  normal  (Fig,  97,  h).  Examples  of  tluB 
will  be  fotmd  in  most  of  the  figures.  These  intense  degeneratiTe 
changes  canae  the  breaking  up  of  the  myelin,  and  may  involve  the 
defitruction  of  the  fibre,  the  spaee  occupied  by  it  Ix^iug  left  empty. 
In  other  cases,  however,  the  axis-cylinder  persists  and  remains  sur* 


4 


Fl&.  lOL— Acute  trarisvei-ae  myelitis,  fatal  in  three  weelss.  Cjirmiu* 
prep(irutioiic>.  A,  at'ctiou  through  oaoat  dtiiieii'^ed  part,  tit  first  lumHar 
•egmetitr.  Ko{;l  of  iiifltiiDmaiion  acattei^ed  throu|^h  tlie  whole  nren  of  tint 
cordji  mo«t  itbuudiint  in  tfae  posterior  columns  (the  appnrent  ettlftr^i-ment 
of  which  h  probttbly  due  to  the  direction  of  the  flection).  Dilatation  of 
the  eentral  canal.  B,  from  the  aiilcrior  oonm  iit  A,  6,  a  distended 
vessel  I  the  tissue  crAmiuod  with  tymphotd  atid  otlier  ceU#»  nnioTi|^  wbich 
run  noriuHl  nerrt3-6bre8.  C,  from  the  posterior  cohimn.  A,*;.  The  are** 
■taifiinji  deeply  we  euen  to  catisiat  of  thickened  tr-ibeculWt  lyiO|ihoid 
cella,  auiorphooa  tistuei,  and  also  tif  nerve-fibres,  tlie  white  mib^ttmice  of 
irhich:ittiina  with  carmine  while  that  of  the  nt)ighboiiriiig  healthy  fibre* 
does  not.* 


I  urn  fndcbted  to  Dr.  Dreaohfeld  for  the  •eetion  from  wbich  these  drawinin  ert 
The  patient  wua  u  girl  «ged  tweuty-threej  pHrulyRis,  motor  and  «enftorj, 
WM  complete  at  the  end  of  two  days;  the  np^dicaiion  hv  her  mother  of  hot  bottlei 
to  the  feet  caused  such  ext^naivti^  sloughing  ulcers  thut  atnputatioii  of  oue  leg  nm 
deemed  nececBary  three  werke  ufter  the  onset,  and  the  putlent  died  the  next  day. 
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rounded  by  a  narrow  zone  of  mjeliJi,  Often  a  large  mimb^r  of  Boeh 
slirunken  iibrea  may  be  fotmd  m  a  part  wbicli  at  first  flight  appeared 
devoid  of  fibres.  This  shrinking  of  the  fibrea  occnra  not  only  aa  the 
result  of  pressure  on  them  by  the  connective- tissue  elements,  but  also 
where  there  is  little  interstitial  change  and  no  compression. 

The  relative  amount  of  change  in  the  nerve-elements  and  in  the 
interstitial  tissue  raries  very  much.  In  some  cases  the  interstitial 
changes  are  evidently  primary,  and  the  fibres  at  first  present  little 
change  In  slight  cases,  but  afterwards  are  altered  sccondarOy,  being 
narrowed^  and  even  destroyed,  as  they  are  surrounded  and  enclosed 
by  the  products  of  the  inflammation*  In  other  places,  or  even  other 
parts  of  the  same  section,  there  is  but  little  increase  in  the  neuroglia, 
although  the  fibres  have  suflered  extensively  ;  empty  spaces  are  limited 
by  septa  but  little  thicker  than  normal,  although  with  more  nuclei, 
and  often  with  numerous  granulea,  tbe  nature  of  which  is  uncertain. 
Occasionally  there  is  a  more  difTuse  change  in  the  white  substanoe  i 
the  neuroglial  tissue  is  incr^sed  by  small  cells  and  amorphous 
material  in  such  a  manner  that  all  appearance  of  septa  and  spaces 
is  lost;  a  few  nerve- fibres  are  included  in  it,  and  the  spider  cells  are 
very  oonsplcuous  objects,  their  processes  apparently  representing  the 
septa  that  exist  in  the  normal  condition  {Fig,  100). 

The  distribution  of  these  changes  is  Terj  variable.  The  whole 
thickness  of  the  cord  is  uniformly  affected  in  pressure-myelitis  (see 
'^  Compression  of  the  Spinal  Cord").  In  transverse  myelitis  the 
changes  may  be  so  intense  in  all  the  structures  at  the  affected  level 
that  the  cord  is  diffluent,  and,  as  already  stated,  only  separated  pro- 
ducts of  degeneration  and  inflaTrimatJon^  and  blood-corpuscles  are  to 
be  seen.  In  slighter  cases  the  alteration  is  seldom  distributed  uni- 
formly, and  in  either  a  single  section,  or  a  eeriea  of  sections  taken 
near  together,  each  part'  may  present  variations  in  the  damage,  which 
may,  however,  be  such  that  no  part  escapes  in  all  (see  Fig.  102)*  In 
meningo-myelitis  the  periphery  of  the  cord  is  alvrays  most  affected, 
and  in  old  cases  the  thickened  pia  mater  may  send  tracts  of  dense 
tissue  into  the  interior  of  the  cord,  from  which  branching  processes 
of  tissue  may  pass  on  all  sides.  The  condition  is  similar  to  that  met 
with  in  chronic  myelitis.  A  similar  extension  is  often  conspicuous 
in  cases  in  which  there  is  no  special  inflammation  of  the  membranes, 
and  the  interstitial  changes  often  extend  from  the  eepi  a  that  normally 
pass  into  the  cord  and  from  the  walls  of  the  Tessels,  the  course  of 
which  may  thus  be  marked  out  when  the  vessels  cannot  be  seen. 
Hence  the  white  columns  may  be  broken  up  by  Hnes  of  tissue  passing 
from  the  surface  of  the  cord  towards  the  grey  substance. 

In  disseminated  myelitis  the  foci  of  inflammation  may  exist  through 
a  wide  extent  of  the  cord,  and  appear  on  the  surface  as  reddish-grey 
areas,  closely  resembling  those  of  disseminated  sclerosis,  but  less 
shai*ply  outlined.  Under  the  microscope,  in  the  early  stage,  smaller 
foci  stud  the  grey  and  white   substance  irregularly,  sometimes  ex^ 
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tending  into  larger  tracts.  TkQj  may  be  most  abundant  in  the  grev 
or  tlie  white  substance.  At  Erst  the  vancular  changes  are  the  more 
conspicuous,  but  afterwards  the  evidence  of  destruction  of  nerve- 
elenieats  and  the  inflammatory  products^  exudative  and  cellular, 
described  above,  characterise  these  foci,  while  ultimately  a  condition 
of  irregular  focal  ederosis  remains.  In  central  myelitis  there  is  a 
great  increase  in  the  nuclei  about  the  central  canal,  with  vascular 
changes  in  the  commiaanrd  adjacent,  but  there  may  also  be  evidence 
of  sbght  widely  diffused  myelitis.  It  is  necessary  to  remember  that 
the  nuclei  around  the  central  tissue  vary  much  in  number,  and  that 
it  is  easy  to  mistake  a  normal  for  a  diseased  condition. 

Little  is  known  of  the  morbid  appearances  in  the  parenchymatous 
forms,  except  that  in  a  variety  of  anterior  polio-myeHtis,  and  in 
diphtheritic  and  other  toxic  paralyses,  the  nerve-cells  present  granular 
changes,  and  the  interstitial  grey  substance  may  be  but  slightlj 
affected. 

Tlie  nerve-roots  coming  from  a  much  inflamed  part  are  usually 
damaged,  and  may  present  histological  changes  similar  to  those 
within  the  cord — distension  of  vessels,  increase  of  nuclei  and  of  con- 
nective tissue  about  the  vessels,  breaking  up  of  the  myelin,  awelhng  of 
the  axis-cylinders.  Degenerative  and  neuritic  changes  may  descend 
the  motor  nerves^  although  rarely  to  the  same  degree  as  in  polio- 
myelitis, except  in  the  crises  in  which  theve  is  extensive  inflammation 
in  the  lumbar  or  cervical  enlargement. 

From  the  foci  of  inflammation,  ascending  and  descending  degenera- 
tions pass  along  the  tracts  of  long  fibres  that  have  been  already 
described,  downwards  in  the  pyramidal  tracts,  upwards  in  the  poste- 
rior median  cohimns,  the  direct  cerebellar  tracts,  and  the  antero- 
lateral ascending  tract.  In  cases  of  transverse  myelitis,  moreover, 
chMiges  that  are  definitely  inflammatory  in  nature  may  be  traced 
in  certain  tracts  for  a  short  distance  above  or  below  the  chief  lesion ; 
they  may  accompany  the  secondary  degeneration,  or  may  be  found 
extending  along  a  tract  that  degenerates  in  the  opposite  direction. 
Thus  distinct  inflammation  may  pass,  for  a  short  distance,  up  the 


Pl».  102.— Acute  tr»n«verse  royelltfi ;  from  a  cage  fatal  in  a  month.  A,  B,  C, 
aeipflibonring  sectionft  (roin  the  iiiflumod  purtj,  in  th«  mid^doraal  region,  to  whow 
tbt  VArjing  difltrtbtition  of  tlie  inflAmin&tion.  (St{iined  irith  amline  blue-blHck.) 
Diiteuded  vesieli  nte  nil  Hnirroundcdl  hj  thick  »>ne«  of  ct««r  tUaue,,  m  p luces 
divided  obliquely,  while  outaido  this,  rainifjiug  tract!  of  darker  fcisaiie  extend  into 
the  whtt«  tuliatHnce.  '  In  D,  froni  tUo  from  of  the  poiterior  column^  felte  change* 
lire  tbi^Hyit  more  hfghlj  iTuignifiwl.  'The  aone  ftTKund  the  Tc«iela  is  aeon  to  consist 
of  the  |>eriva«icnlmr  ibeutw  dist^'ndetl  bj  celUilnr  eiementw,  round,  oval,  fuiifirm, 
angidur*  Iba  white  lubstAnce  ia  crammed  with  siimilar  cella,  and  hardly  any 
trace  of  nerve- Abres  or  of  normal  «lructara  can  be  perceived.  In  E,  from  a  leas 
affected  part  of  the  lateral  co!mnn»  atained  with  carmine,  the  nlveoli  remnin, 
iilthough  the  tiA»ue  between  them  ii  thiekent'd,  and  in  roanj  ptace«  atiidded  with 
refracting  t^i'itn^tlea  and  larger  nuclei,  in  tnuny  tpacei  ciervi<-»tibreB  are  aeen 
much  tunaller  than  noiimil  iu  cohgt  qnence  of  the  Wiiating  of  the  white  aubitance. 
F  repr.'senta  a  aimilnr  cotiditi^n,  with  fewer  nerve- fibres, and  eiteosivf  infiltration 
of  tiie  aivcitlk  with  btood-corpu^clea.  (From  aectiona  prepared  by  Dr.  Money*  For 
the  KpecJmen  I  am  indebted  to  the  kte  Dr.  Hadden,) 
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pyramidal  tracts,  so  tliat,  aa  incli  or  two  above  the  upper  limit  of  the 
general  inflammatory  changes,  an  ascending  mfljinimation  of  these 
tracts  may  be  combined  with  an  ascending  degeneration  of  the  tracts 
that  always  present  secondary  ascending  degeneration. 

If  the  patient  sninivea,  the  new  interstitial  tissue  slowly  undergoea 
changes  which  give  it  a  fibroid  aspect,  although  for  some  time  cell- 
forma  may  preponderate  in  it.  We  know  very  little  of  the  nature  of 
the  process  that  occurs  in  the  cases  wldch  slowly  recover,  and  sub- 
serves restoration  of  function.  The  fact  that  a  long  period  of  total 
piilsy  may  be  succeeded  by  the  slow  return  of  considerable  power, 
sbowa  that  even  greatly  damaged  fibres  may  regain  functional 
capacity.  It  ia  easy  to  conceive  that  the  fibres  which  are  only  so  far 
changed  that  the  aiis-cylindera  are  swollen,  and  the  myelin  stains 
readily,  may  speedily  recover.  We  can  also  understand  that  the 
fibi-ea  in  which  a  very  narrow  layer  of  myelin  remains  around  the 
aiis-cylinder  may  also  regain  the  power  of  conducting.  We  muRt 
presume  that  in  these  f.bres  there  is  no  intt^rruption  of  the  aiis- 
cylindersj  but  thei'e  are  cases  in  which  we  can  acarcelj  believe  that 
the  axis- cylinders  retain  their  continuity,  although  conducting  capacity 
is  ultimately  restored.  An  absolute  motor  palsy  of  twelve  montha' 
duration  must  depend  on  changes  that  involve  an  absolute  inter- 
ruption of  the  fibres,  and  vet  in  such  a  case  some  return  of  power 
may  occur.  Is  this  effected  by  a  growth  of  new  fibres  such  as  occurs 
in  nerves  ?  In  the  lower  animals  such  a  growth  of  fibres  has  bet'u 
proved  to  occur  j  in  man  it  has  not  yet  been  demonstrated,  but  it  is 
difficult  to  conceive  any  other  explanation  of  the  clinical  facts.  The 
Fery  interesting  appearance  presented  by  the  section  of  a  cord  shown 
in  Figs.  103,  b,  and  104  suggests  strongly  a  process  of  regeneration. 
The  cord  was  crushed  in  the  mid-dorsal  region  by  a  fracture  of  the 
spine,  and  motor  and  sensory  panilysis  remained  absolute,  up  to  the 
level  of  the  lesion,  till  the  patient^s  death,  six  months  later.  At  the 
seventh  cervical  (Pig.  103,  a)  the  cord  presents  only  the  usual  as- 
cending degenerations,  but  at  the  eighth  cervical  (Fig.  103,  b)  opaque 
tracts  extend  through  the  grey  and  white  matter,  and  adjacent  to 
these  there  is  everywhere  an  extensive  destruction  of  nerve-fibres.  In 
these  tracts  within  the  lateral  columns  a  large  number  of  very  minute 
nerve-fibres  can  be  seen,  each  consisting  of  a  fine  axis-cylinder  sur- 
rounded by  myelin  (Fig.  10 -i,  c).  The  fibres  are  smaller  than  any 
met  with  in  the  normal  cord.  The  appearance  is  as  if  there  had 
been  an  irregxilar  ascending  myehtis,  which  had  extended  up  the 
cord  as  high  as  between  the  seventh  and  eighth  cen'ical  segments, 
and  from  the  lower  extremity  of  the  normal  fibres  there  had  occurred 
a  growth  of  new  fibres  such  as  effects  the  regeneration  of  nerves.* 
We  seem  to  have  here  an  iK^tual  process  of  renewal  of  fibres  that  had 
been  destroyed  by  such  in6ammation  as  has  caused  the  empty  spaces 

•  For  tln*»e  tectiont  I  aun.  imlcbted  to  Dr.  F.  O.  Penrose.     Uufuituumtel^  I  tiave 
been  uuiibl«  to  obtuiit  any  otber  seotioiii  of  thii  pnrt  of  the  aved. 
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Vi(}«  lOS.'^ Ascending  mrelitlsfrooi  friictctrc  of  ipine  eonipl6tel5'  destroy mg^  t1i«  «oril 
in  tbe  in)d-doraa)  regiou.  A^  f  roiii  tlie  seven ifa  cervkalp  pre«enti  oulv  ucendinf!: 
degon«mttoiiH  inpost^nied.  col^  direct  cerebeL  n.rea»«  ariii  ant.-bt.  ai^cendicg  tract. 
Bit  frotn  the  eighth  cerri^l*  preoents  nbo  ntunerouft  areas  t>i  finely  grumUr  aspect 
under  slow  mHj^DEfjing  power^  the  fljier  structure  of  which  it  iliowu  Ln  Fig.  104. 


Fjo.  104. — From  the  outer  part  of  the  front  of  the  Utcrat  coTumi)  in  B,  F'nr,  103. 
a  is  ibe  aitteru-latcrHl  ascendiiij;  tr^etj  the  (ibre«  complett'ly  dei^eiierMted,  ^xc^pt 
H  few,  probably  of  other  nature  Hud  belan|(ri)>g  ^o  A,  m  narrow  ?.oue,  iiearlv  healthj, 
of  the  Rii I ero 'lateral  ground  lihreH.  c  reprt^frents  the  oater  piirt  of  one  of  tho 
finely  ^midilar  trac-tt.  Under  the  high*  r  magnifying^  pov^er  the»e  imcts  nre  teen 
to  coni'ist  of  very  minute  nerve* flh res  with  a  granntar  niMterial  bitnL^iu  them  in 
which  few  c«ll-foriui»  can  be  di^tiMguithed,  Adjacent  to  the«e  trucu  there  hH,e 
Npparcntly  been  exten»lve  deiitrnction  of  the  filbre-t,  large  epaeea  beinsr  occupied 
hj  products  of  dfgeiierjitioiii  and  appearing  empty  in  the  cleared  ■ection. 

in  the  riciiiity.  If  thie  is  a  correct  interpretatioa  of  the  appearances 
they  constifcute  proof  that,  even  iu  the  human  cord,  it  Ib  possiUw  to 
have  a  new  foromtion  of  destrojed  £breft*     That  pj^ramidal  Ebres  may 
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.-  ^^,  hour,  and  iln'ii  find 
^  -iCr^»  is  unable  to  raisr  ] 
'"      K  t\vt  or  toes;  n«'xt  da\ 
X  aiode  of  unset  is  stil 
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on! J  &  few  minutes.  The  legs  are  found  suddenlj  to  lie 
▼y  and  tingliug,  the  sufferer  sits  down  on  a  chair  for  a  quarter  of 
liour,  and  then  finds  tliat  he  cannot  stand.  Such  rapid  onset 
btrs  that  of  spinal  hiemorrhage.  and  it  is  probable  tliat  in  most 
eaaes  there  is  hseuiorrhage  in  addition  to  inflammation— 
c  mjelitis.**  Such  cases  are,  however,  sufficiently  rare 
not  to  interfere  with  the  diagnostic  rule  that  a  sudden  onset  means  a 
tmscular  lesion,*  and  that  the  ciiaracteristic  onset  uf  myelitis  is  rapid 
but  SM>t  Biidden,  Now  and  then  the  onset  is  in  the  night,  during 
flWp;  a  patient  goes  to  bed  well,  and  wakes  up  in  the  inormng  with 
fH»mplete  paiaplegia-  On  the  other  hand,  the  onset  of  the  paralysis 
taar  occupy  sereral  days,  or  even  a  weelc;  when  longer  than  this, 
from  ten  to  forty  days,  the  myelitis  is  to  be  regarded  as  subacute. 
DoQisioBally  the  onset  is  by  a  series  of  sudden  attacks  of  weakness  at 
fllitai  f nU  of  ft  few  hours  or  days,  or  ewn  weeks.  In  the  latter  case 
nliare  may  be  some  recovery  fi-om  one  attack  before  the  neit  comes  on. 
^Froqiiently  there  is  gradual  partial  lass  of  power  for  a  few  days,  and 
l^tlieD  complete  paralysis  comes  on  rapidly;  the  first  symptoms  may 
!lie  slight,  and  their  nature  only  recognised  when  the  disease  has 

the  paralysis  has  reached  its  height,  and  has  oeaaed  to 
V  it  is  usually  complete ;  sometimes  it  is  incomplete,  the  Hmbs 
be  moved,  but  with  little  power,  or  the  patient  may  be  able  to 
certain  muscles,  but  not  to  move  the  paits  to  which  they  are 
,  perhaps  only  to  move  the  toes.      The  distribution  of  the 
depends  on  the  position  and  extent  of  the  disease.     In  the 
of  cases,  the  legs  and  lower  part  of  the  trunk  only  are 
ed,  because  the  dorsal  region  of  the  cord  is  the  most  frequent 
of  myelitis.    If  it  is  incomplete  in  the  legs,  the  flexor  muscles 
ij  sttflBr  more  than  the  extensors,  although  this  may  not  be  appa- 
•a  the  patient  lies  in  bed,  because  the  leverage  at  the  knee  renders 
•aeeeuary  considerable  power  to  extend  the  joint  against  gravitation. 
disease  is  in  the  cervical  region  the  arms  as  well  as  the  legs 
,  and  the  arms  are  sometimes  paralysed  before  the  legs, 
ion  is  extensive  in  the  cervical  region,  the  damage  to  the  grey 
and  root-fibres  causes  atrophic  palsy  in  the  arms,  while  the 
ftre  tbe  seat  of  simple  and  ultimately  spastic  paralysis.     In  such 
i  tlie  intereostals  are  paralysed,  and  breathing  is  tarried  on  by 

S diaphragm.  Myelitis  above  this  level,  if  complete.  aWlishes  all 
bmtnry  power,  and  necessarily  causes  death  with  great  rapidity; 
occasionally,  in  partial  inflammation,  the  dLaphragm  may  escape, 
or  lim  finteroostals  retain  some  power  and  life  be  preserved.  In  such 
rwe  mat9  the  arms  as  well  as  the  legs  may  be  the  seat  of  simple 
palsy,  and  the  neck  muscles  may  become  atrophied.  This  was  seen 
in  one  patirnt,  in  whom  the  stemo-mastoids  and  the  upper  part  of 
*  l«il9V(l«  it  i*  po«*}bl«  tbtt  thfue  onte*  coMitituU  po  fscei^tiou  to  the  rtile,  tbf 
^Jtf^^  Wsf  ti  up  by  TUcuiBr  obslrurtion« 


•^a.-.!  TTLT-rrru  "■'^»  -»TJ"r-L   -^  "«*  "iis  &r=s   ma  «"e!l  as  the  li..-* 

*»=-r.  T  ^r.?!  iz.±i .fcri'i-   zlij  fcrefci  iz.-.:   ib*  zudallft.  the  pharrr.i 

11.1  tbr  :  ■  :ij-i^  r=_LT  :«i  LT-i^ri-L  Tn=j~-*r  =at  .:o:Tir.  an-l  the  hears 
ir::-  r^  ii'-Trf-.-^-i  -r-.-^  Tbe  rkz^  :'  iar>-or  srmpoms.  when  :-•? 
i_ir^fc.r-T  i»  i:  iif  Tr-rz.t  Lrizr.t«.  is  iz.iaarc^i  ia  lie  tkble  of  function! 

>:.  =!.■!•!:-  is  frr7~-r-->  inraireti  &f  w?^  a«  n^rioa.  At  the  rtii*;?. 
..--:-r-:.  ::  U  :i.-  >rti  iz.  «.:— -r  ■£-r,rr»?^  i=.  *I1  «;&«»  vf  cen«*nl  tran>T.>: 
z::;.-:l--Ls.  I*  f^Trr*  -^a^kt^  ::  i*  iTis.rrzTcIj  I:«T  ::p  to  the  level  of  :I:•■ 
!-r-.  :..  Tl-  ::  r«rr  lini-  :  f  I  :■*«  :*  rfr^  oc^i-^ae.  l-eizig  higher  in  I  nut 
•...i.-.  '^i:- i.  In  sl£^'::>r  r:^s^  lie  I-:-»s  maT  be  fiartial.  and  oiiIt 
->:r.i:r.  f  .rr-r  vf  sensaTivr  naj  be  iniiairvi.  either  in  conseqiionoie  ■  i 
thf:  r-'-fi;;*:  ::  :f  ti-j  disease,  vhrai  tou:h  or  join  maj  l^e  lost  aL^n<». -r 
of  :•=  s!:j:.-  ■ie.jPse,  wLen  to:i:h  is  j<?neraI2T  imr<aired  and  i-::ialul 
b*::>::.;ii--.-  ;.rr-rrT.=»i.  0«>:a*i-: Hill t  ihens  is  general  hT|«rsesthesiai3 
the  Iirr.r~  at  the  •.L-^-t.  At  the  leTrl  of  the  lesion  there  ia  usiullva 
70L-:  of  Lrjy^rrf-^'b-sia.  ■? -.rre^jon-i:::^  to  the  distribution  of  the  ncr*- 
•r,at  pass  thro^ii-'h  tL»:  "r-p^r  part  of  the  affected  region,  i.  ei  thix-uji. 
'h^  ^■'^•.■?.*.  m^irivlj  irr:ta:e«i.  p-:'rt:on  of  the  cord  aboxe  the  dis«u^- 
The  hv{*;r*?^b« -i-i  iiiaj  readily  lue  d«-:e\rted  br  pacing  a  hot  sponje 
ilo'i^n  *h*-  «pii.- :  the  st- nse  of  warmth  changes,  at  the  hvperapstbtn-: 
/-.L*'-.  into  '-■ii':  •■■f  pain.  Ci-m^sp-  nling  to  this  lone  of  hyj^-mstbosii 
?:.*-r»r  i«  '.'f'Tn  a  "'!:*•■  ••!  f-ainful  'V-nst notion,  a  "girdle  j-ain."  whi^h 
ij.^v  jy-r-^is*  I'-r  a  ■••nj  time,  even  Lii:*rr  the  I  •!?<  of  sen>il»iliTv  It^I-^ 
th<r  k-sion  ha-  p.i??*»>i  away.  0»'''a<i'»iially  it  only  comes  on  soin**  tiu;" 
aft^-r  th'r  '■•n-'*.  probaMy  fr.-m  cicatricial  compn-ssi-.n  and  irritation  * 
thf*  r'y/*-tir.r»'-  Its  p"»>iti"ii  varies  with  that  of  the  dis«'aso.  It  > 
ifiO"?:  0' -111 111' -111 ^'  f"-T  1-twwn  the  umbilioiis  and  ensif»rm  oartilaj:'' 
roin*:tiinf'S  uroun'l  th*:-  l-^er  part  of  the  abdomen.  al>out  the  anus,-'' 
in  thff  U-L's.  It  is  of  him  eh  pra«tical  importance  l»ecaiise  it  is  evident"* 
of  th*;  f-xL-trQco  of  oru'uuic  disease,  and  also  of  th.>  upper  limit  .>f  il*" 
I.s:..:i.  It  is  soiii*liiii«.s  a  very  tarly  symptom.  Any  initial  paim'- 
til.-  linili-  u-w.illy  c..-as.'S  wh.-ii  s.-:is;ition  becomes  al*olished.  WhtU 
yxm  Y-\'-U^  in  the  l-j>,  it  is  -.it.-n  loss  when  these  are  fli-xed. 

The  .-t.iT'-  <»1'  pfl'-'X  a^.tinn  v:iri.*s.  and  dejionds  on  the  position  of  tV 
.li^^as*-,  in  a.:.-nhinoe  with  the  laws  already  stated  (p.  2tV2i.  \\\ 
M.ut..  lUi'.n  in  any  part  of  the  onrd  may  cause  an  initial  inhibit.-rv 
los^  ..f  p  il'X  :i.  ti.>n  in  the  i-arts  U'low;  but  if  the  lesion  is  above  \\v 
luMjIar  ♦iil.ir.rnif'nt,  r.-tlpx  action  returns  in  the  course  of  a  f»-v 
hours.     Fr.'iu.Mily  ili.rc  is  no  initial  depression.     Subs-pienTly  the 

n-flt.-x  nation  b ni.-s  rx.-.'ssive.  that  from  the  skin  rapidly,  that  fpin 

111..  Tiiu>.l..-.s  more  slowly.  Ultimately  each  attains  a  hitch  d.-^rnv  ■■! 
.  xiiltati^n.  It  Iho  flis.u^ie  involves  the  lumbar  enlarjjement  all  f.Tias 
uf'  r.ll.x  jirtiuH  an-  l«.st.*  AVh.'ii  in  the  cervical  repinn  it  may  l-e  l»rt 
in  llie  arms,  .a.-. -iv-  in  tli.'  K's.      In  dorsal  myelitis  the   trunk- 

•  S.  r.  how.  ViT,  tho  fact*  stiUwl  on  p.  264. 
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ire  often  impaired^  &nd  mBj  give  important  information  u  to 
tike  teat  of  the  diseaae.  The  abdominal  reflexes  ghould  be  examined 
ftt  TmnoQA  lerels,  and  the  greater  impairment  of  tliese  on  one  side 
than  on  the  other  maj  reTeal  clearly  the  unequal  distribution  of  the 
letton  and  ita  Tertical  extent. 

The  muaclea  of  the  legs  are  sometimes  at  £rst  flabby  and  toneless 
during  the  stage  of  initial  depression  of  reflex  action,  donbtJess  from 
the  nme  influence.  This  condition  soon  passes  off  if  the  lesion  is 
above  the  luinhar  enlargement,  and  as  reflex  action  returns  the 
moBcles  regain  their  tone.  If,  howcTer,  the  mjelitis  involves  the 
hunbar  enlargement  in  considerable  degree,  the  muscles  of  tlie  legs 
r-main  flaccid,  and  lose  all  influence  on  the  posture  of  the  limbs. 
The  feet  fall  into  an  extended  position,  so  that  the  instep  is  in  a  line 
Willi  the  tibia  (Tig.  105).    The  muscles  also  waste  rapidly,  and  often 


FlO.  10& — Pociors  of  fe«t  in  m jelitU  of  lutnbAr  enlargement  with  rmpid 
VMltiig  of  musclei. 


c 

^^blMiit  the  reaction  of  degeneration.  The  wasting  in  these  cases  is 
^IPqb  estrsme.  In  many  cases  of  myelitis  above  the  lumbar  enlarge- 
QMBl  tbere  It  a  slighter  and  slower  wasting  of  the  musdes,  without 
loM  ol  reflex  action,  and  generally  with  exoess  of  the  muscle-reflexes ; 
the  nltiDate  amount  of  wasting  may  be  considerable,  but  it  is  never 
so  great  as  when  the  lumbar  grey  matter  is  diseased.  There  is  nerer 
the  reaction  of  degeneration,  but  only  a  slight  change  in  irritability, 
foailar  to  each  cnrrent ;  flrst  an  increase,  which  after  some  weeks  or 

Kmtha  givM  ptaoo  to  a  slight  diminution. 
The  sphincters  are  usually  affected  from  the  first,  except  in  vety 
ghl  cases,  and  they  often  afford  the  earliest  indication  of  the  com- 
Mifliimi  leaion.  There  is  usually  first  retention  of  urine,  which  not 
fw^v  exista  for  several  hours,  or  even  for  a  day  or  two,  before  other 
i^nipioms  are  added  to  it.  There  is  afterwards  incontinenoe,  over- 
sow or  refliex  fsee  p.  247),  when  tht^  disease  is  above  the  lumbar 
fi^ioo;  if  the  lumbar  centre  is  diseased  there  is  perBistent  incon* 
tiacnoe  from  the  flrst  without  retention.  In  ihe  former  case  there  is 
MToltiAtaiy  action,  in  the  latter  inaction,  of  the  sphincter  ani,  and  in 
both  cases  incontinence  of  fseccs.  This  may  be  inconspicuous  in  the 
mAf  pirio^  oo  account  of  constipation,  due  to  intestinal  paralysis* 
la  cases  of  partial  myelitis,  as  of  the  antt^rior  cornua,  the  sphincters 
nnalleeted.    The  urine  is  frequently  alkaline  in  reaction^ 
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lud  thtf  dbuige  ^^metimes  comes  on  so  rapidlj  that  it  is  evidc 
ziM  z^Milt  ot  an  alteration  in  the  secretion.  In  all  cases  of  reten 
;ei:oiii()o«iUott  in  the  bladder  increases  the  alkalinitj.  Ojstitis  c 
.•.•ilow«»  50  thiM  this  urine  contains  pus. 

rhtt  CMii|wrature  of  the  paralysed  limbs  is  usuallj  at  first  raised 
:c  £w  ai^pw««  above  that  of  Uie  mouth,  but  it  afterwards  fidls, 
'^iiMixft^  a  deij^we  or  so  lower  than  that  elsewhere.  The  skin  is  c 
.r«.  MMtftimrs  coTered  with  sweat.  Its  nutrition  often  suffers, 
v'tiMM*^  rMult.  In  some  cases  thej  are  due  to  long-continued  ] 
-oM  .ufe«l  B^^'t,.but  thej  maj  occur  earlj  and  intensely  when 
:  mjttt  .*dhs*(i»  the  lumbar  enlargement  or  irritation  extends  dow 
'  :*K^4iik  -Umt^.  The  least  pressure  on  the  skin  maj  then  can 
'iiill^  vVttfiauuBif  sauious  liquid,  and  sloughing  occurs  with  readii 
•rjfr;vi>l|r  OMT  the  sacrum.  Now  and  then  there  is  effusion  into 
vttiM^^iHttU^  OocasionaUj  the  tendency  to  sloughing  of  the  skin  i 
u««M^  :hafi  the  lesions  appear  to  be  spontaneous. 

:!^feji  ixv(4uo  disturbances  sometimes  occur  in  the  cellular  tissa 

.W  ■v>«k«  (MMTt  of  the  body,  especially  in  the  neighbourhood  of 

.«^iiisttK  :u»il  rectum.     A  remarkable  example  of  such  disturbf 

^^  -•i«M,^t«U  by  the  case  from  which  Figs.  98  and  99  are  tal 

:^ju^>vvuijs  oi  subacute  myelitis  were  followed  by  those  of  celluliti 

^  \>i^^£  iMurt  of  the  abdomen,  on  account  of  which  the  patient 

wiina^uitU.  'ttto  University  College  Hospital  imder  the  care  of  my 

*-^««8^  ^-  Mianius  Beck.    Subcutaneous  emphysema  developed  al 

^v    :- :t*»f_  "UkL  suppuration  occurred  near  the  rectum.    In  co 

.,^..vv  .'i  'ttu  inliainmation  the  patient  died,  the  cord  symp' 

*  .»^  >i>o>M?  iucx^jased ;  after  death  no  lesion  of  the  intestine  or 
H^   -;    ilw  s.vllulitis  could  be  discovered.    It  is  probable  tha 

.•^..  v^»Asii!i  ^'(f  the  trophic  influence  of  the  cord  facilitates  the  < 
V...V  *  w**wii*  t'tom  retention  of  urine,  and  intensifies  its  eff 
is  ..ciK;*^     Vlivration  of  the  bladder,  which  sometimes  occui 

^^\c    uiaUity,  may  be  thus  produced,  or  a  small  abscet 

•*^^   -4    w  ^J^l  »'***  ^^'^  blatldor,  and  thus  an  opening  may  be 
^v    x'i^wu^vfcl  oavity,  and  fatal  peritonitis  may  be  indue 
\;»^;.  '.Uiula  may  be  developed  in  the  same  way.    Ul 
^v     .^v^4A^  -wid  consequent  extravasation  of  urine,  ha 
■    .%«i^'  Similar  conditions.*    In  another  case  the  ir 
'^^^   "^    V  \SfciUvc  wa«  intense,  and  suppni-ative  cellulitis 
''^   ■  -^w^a  .uid  set  up  a  fatal  peritonitis ;  the  kidneys 

'^  ■  s     .  »^^^;v*  swi'l'ii*"^^^^'*' ^^^^^""^^^^^^•'^     These  effects  ( 

CVkt   ^x  N*^*«*'  •*  "^  *^^*'*  ^'^*^^'^^^1  region  the  pupil  may  I 
^^  A  •.H>»*iitis,  optic  neuritis  has  In.'en  observe 

*  ^.       -  -  ^  ^>j«iplication  to  cause  it.J    It  is  probal 
5.  sw^   >*.  ^*^  »*o.p.  R*p./  ^  >l.  «• 

>^<^f  ^**^  _^^  M»*ttt  i"  ^^*  *^""^  "^  dissfinin  it-  d  myelitig  v 
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T6sult  of  the  infliLmniation  of  the  spinal  cord,  hut  U  an  associated  and 
hiMilar  lodon,  the  result  of  the  cause  of  the  mjelitis,  which,  in  such 
fruTM,  is  probablj  a  blood -state.  It  is  noteworthy  that  most  of  the 
mBtm  thus  accompanied  haTe  been  instances  of  disseminated  myelitis. 

Lfoim  that  suggests  a  cause  acting  widely  on  the  iierrous  system. 
I  one  ease  *  the  optic  neuritis  reached  its  height  some  weeks  before 
fcOoellrTence  of  ^e  first  spinal  symptoms,  and  in  the  cord  were  two 
amt«  and  distant  foci  of  inflammation;  in  another  the  neuritis 
wms  fattnd  a  fortnight  before  the  onset  of  disseminated  myelitis.f 

1m  Cftiea  of  rapid  doTelopment  the  d^ree  attained  by  the  symptoms 
|it  tlirir  0(Diet  may  not  be  exceeded.  In  some  cases  a  slower  increase 
'<>r  extension  ensues  in  the  course  of  a  few  days.  The  myelitis,  begin- 
tuag  below,  may  ascend  the  cord,  and  the  arms  and  respiratory 
muscles  may  gradually  become  inyolved.  The  upward  extension  may 
"be  steadily  progrossiTe,  or  it  may  occur  in  successiYe  separate  attacks. 
In  the  latter  case,  it  seldom  extends  above  the  dorsal  region.  Or 
inflammation,  beginning  in  the  dorsal  region.  mn\  slowly  descend  into 
the  lumbar  enlargement.  The  extension  may  be  by  the  grey  matter. 
"CgpedaUy  of  the  anterior  cornua,  or  by  the  posterior  region.  In  each 
eaee  the  extension  downwards  is  indicate*!  by  loss  of  the  rt-flex  action 
*|Hisint  in  the  earlier  stage :  in  the  one  there  is  rapid  muscular  wasting 
with  loss  of  faradic  irritability  ;  in  the  other  the  muscles  retain  their 
sntntion  and  irritability,  but  sensation,  if  before  present,  becomes 

The  constitutional  symptoms,  which  have  been  mentioned  as  attend- 
ing the  onsc;t.  vary  greatly  in  their  severity  and  course.  They  are,  as 
a  rule,  lean  in  the  simple  transverse  myelitis  than  in  the  disseminated 
form.  In  most  cases  they  reach  their  height  on  the  second  or  third 
day  after  the  onset  of  severe  symptoms.  Thus  in  one  cose  the  tempe- 
imture  was  normal  on  the  first  dny  of  indisposition,  when  the  patient 
eomplained  only  of  slight  headache  and  slight  numbness  of  the  legs. 
During  the  next  three  days  these  gradually  became  completely  para* 
]ynsd«  and  the  temjeriture  was  successively  102*,  103^,  and  I04'5% 
nad  Iben  gradually  fell  to  normal  at  the  end  of  a  week.  In  another 
CMS*  in  which  the  toxs^mic  state  was  part  of  that  of  measles,  the  tem- 
permturv  rose  from  100^  to  103  S*'  on  the  first  day  of  the  symptoms  of 
myt  litis,  and  on  the  next  day  to  l(H-2**,  but  fell  (partly  from  anti- 
pyrtn)  on  the  third  day,  on  wbith  death  occurred,  to  100*2'*4  In  less 
ncute  cAMMi,  in  which  foci  of  inflammation  develop  progressively  with 
|Spnpsiding  ptUsy,  during  one  or  two  weeks,  moderate  irreguLLr  pyrexia. 
99^  to  101^,  may  go  on  as  long  as  the  disease  is  increasing,  and  may  be 
fsnewed  at  any  subsequent  rehipso.    The  temperature  is  also  raised 

•r  tir.  tiMMbffUl  frwm  which  Fit;.  100  U  Uken,  ^nd  alto  in  tUai  of  SUaikej  s&d 
iLtvMd  jmm  mtsHoMd.    6c«  '  Medical  OphtUaliuoAcopy/  3rd  «d.«  p.  isa, 

*  OMfivy  nail  Latrfurd.  iip.  cit. 

t  AnkBtd  Aod  Ooiaon,  *  An^h.  <to  M4d.  eip.,*  188^ 

%  UtatW*.  'H«d.*CUlr.  Tr«ii«./  }^7,  p,  76. 


864  SPINAL  COED. 

by  any  complicationa,  and  especially  by  cystitia.  On  tUe  other  liaii3, 
in  simple  cases,  with  a  single  focus  of  inflammation,  the  initial  eleva- 
tion  may  be  trifling,  and  after  the  first  day  or  two  the  temperature 
remains  normal. 

If  the  patient  snrviTes,  the  course  of  the  symptoma  Taries  according 
to  the  intensity  of  the  lesion.  The  paralysis,  motor  and  sensory,  mav 
remain  complete.  More  frequently  sensation  is  reeorered  after  a  few 
weeks  or  mooths,  while  motor  power  continues  absent  for  a  much 
longer  period.  The  excessive  reflex  action  may  lead  to  the  gradual 
development  of  spasm  in  the  legs.  This  is  especially  related  to  the 
increase  of  the  muscle -roflex  action  wliich  follows  the  secondary  de- 
aoending  degeneration  of  the  pyrami^lal  fibres.  Ultimately  the  condi* 
tion  ia  that  termed  "  spastic  paraplegia,"  and  described  in  detail  in 
another  section.  The  occurrence  of  this  spasm  is  not  incompatible 
with  the  recovery  of  some  voluntary  power.  The  muscles  in  these  cases 
are  often  well  nourished,  and  may  even  increase  in  size ;  the  spasm 
constitutes  a  powerful  stimulus  to  their  growth.  Spasm  may,  however. 
co-exist  with  th:?  slow  moderate  wasting  described  above  (p.  265),  but 
is  rarely  intense  in  these  cases* 

In  some  cases,  flexor  spasm,  after  a  time,  takes  the  place  of  the 
extensor  spasm,  at  first  in  transient  attacks  but  at  last  permanently. 
and  becomes  fixed  by  contracture  and  shortening  of  the  flexor 
muscles.  It  may  be  so  great  that  the  knees  are  against  the  aljJo- 
men  and  the  heels  against  the  nates.  This  substitution  of  flexor  for 
I'xti'imor  spasm  occurs  chiefly  in  cases  in  which  the  paralysis  is 
absohito,  and  the  organic  disease  of  the  cord  so  oonsiderable  and  of 
such  duration  as  to  make  recovery  impossible.  It  is  therefore  a  veiy 
gmvc  sign, 

Ik'uth  may  occur  early  in  the  disease  from  respiratory  paralysis,  or 
from  the  extension  of  disseminated  myelitis  into  the  moilulla  oblon- 
gata i  subsequently  it  may  be  due  to  various  effects  of  the  trophic 
diiturbanrt?,  acute  or  chronic,  and  to  blood-states  induced  by  bed- 
sores or  by  kidney  disease  resulting  from  cystitis,  &c.,  mechanisms 
that  have  been  already  mentioned  in  the  account  of  the  symptoms. 
Improvement,  when  it  occurs,  is  usually  slow,  but  continues  for  a 
long  time,  and  recovery  may  be  complete  in  cases  of  moderate 
•evcritj.  When  there  is  much  damage  to  the  cord,  however, 
n^oovcry  is  often  imperfect,  and  some  weakness  remains,  accom- 
panied either  by  spasm  or  by  wasting.  It  is  rarely  that  no  improvement 
iHHnirs;  occasionally,  however,  the  palsy  remains  absolute,  although 
11(0  is  prolonged  for  years.  In  some  cases  improvement  occurs,  slight 
or  considerable,  and  is  followed  by  a  relapse,  which  leaves  the  patient 
wursrt  than  the  first  attack ;  and  this  may  occur  again  and  again,  each 
rt\kpse  being  the  expression  of  a  fi-esh  extension  of  the  inflanunation 
HI  the  cord.  This  relapsing  course  is  met  with  especially  in  t!ie 
dimM'tniiiati'd  form,  and  in  the  subjects  of  gout,  either  acquired  or 
juhi*iikHL     Other  ra-ses,  again,  present  what  may  be  termed  a  re» 
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CTHxent  course,  improvement,  and  peril apa  a  considerable  degree  of 
recovery,  continuing  for  months,  whea  a  fresh  attack  occurs.  On 
the  other  hand,  in  many  cases,  especially  of  simple  transverse 
myelitis,  when  improvement  is  established  it  goes  on,  and  there  is  no- 
tendency  to  recurrence. 

Varieties,— The  different  pathological  forms  of  myelitis  are  attended 
by  some  differences  in  the  symptoms.  Those  of  fraTi^verse  myelitis 
have  been  described  as  the  most  common  and  typical  manifestations 
of  the  disease.  Focal  myelitis,  in  which  there  is  a  single  spot  of 
inflammation,  not  extending  across  the  cord,  may  occur  in  various  parts 
of  the  cord  ;  bul,  on  account  of  the  slight  degree  of  severity  of  the 
symptoms,  little  is  known  of  them  except  when  the  focus  of  inflam- 
mation is  of  some  size  or  is  situated  in  one  anterior  comu  (aa  a 
variety  of  polio-myelitis),  because  such  cases  are  rarely  fatal,  It  is, 
however,  probable  that  this  variety  is  not  uncommon.  Cases  are 
occasionally  met  with  la  which  symptoms  of  very  limited  range  como 
on  acutely,  and  may  reasonably  be  ascribed  to  such  a  lesion.  They 
may  be  one-sided,  and  varioua  in  character,  often  being  limited  to  a 
single  limb. 

A  much  more  frequent  focul  form  is  dissemhiated  m^elith,  in  which 
there  are  several  foci  of  inflammation  in  the  same  or  different  parts. 
of  the  cord.  The  onset  of  this  form  is  often  subacute,  and  constitu- 
tional symptoms  are  frequently  absent.  The  most  important  special 
symptoms  are  those  which  indicate  interference  with  the  central  fune- 
tions  of  the  cord  in  more  than  one  locality,  but  the  combinations 
produced  are  very  variable.  In  many  cases  the  several  foci  of  in- 
flammation develop  successively,  not  simultaneously,  and  then  we  have 
a  corresponding  succession  of  symptoms,  Thua  a  myelitis  in  the 
cervical  region,  Cvausing  atrophy  of  some  groups  of  muscles  in  one  arm 
and  paralysis  of  the  eorrespiinding  leg,  may  be  followed  by  paralysia 
of  the  other  leg  with  su«  li  loss  of  reflex  action  in  it  as  shows  a 
separate  focus  of  inflammation  in  the  lumbar  enlargement,  and  this 
again  by  tho  development  of  a  girdle  pain  corresponding  to  the 
middle  of  the  dorsal  r^ion,  from  a  fresh  area  of  inflammation  in 
that  situation.  When  numerous  foci  of  myehtia  occur  in  the  dorsal 
region,  as  is  not  uncommon  in  syphilitic  cases  and  after  injury,  the 
symptoms  may  closely  resemble  those  of  a  transverse  myelitis,  because 
by  one  or  another  of  these  foci  each  of  the  elements  of  the  cord  is 
interrupted.  The  only  distinction  may  be  the  extensive  impairment 
oi  the  trunk-retlexea,  or  the  detection  of  loss  of  irritabiiity  in  the 
corresponding  muscles.  Closely  allied  to  disseminated  myelitis  is 
the  condition  known  as  dU>^emimited  ericepImtomyeUHs,  described  by 
Leyden  over  twenty  years  ago  under  the  name  of  acute  ataxy.  It  is 
characterised  by  the  presence  of  small  foci  of  change  in  the  cord^  pons, 
and  cerebrum.  In  some  cases  such  foci  have  only  been  found  in  the 
cord.  The  symptoms  are  those  of  interference  with  the  functions  of 
the  parts  in  which  the  foci  are  formed,  e,g,  defecta  of  speech  and 
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articulation,  tremor  and  ataxj  in  the  legs  and  anna,  tremor  of  the 
head,  and  exaggerated  reflexes  associated  with  a  spastic  gait.  The 
condition  seems  to  be  frecjiiently  dependent  upon  some  antecedent 
infections  disease  or  other  toxic  blood-state,  e.  g,  inhalation  of  a 
poisonous  gas.  It  is  more  frequent  in  children,  is  variable  in  its 
course,  sometimes  followed  by  complete  and  fairly  rapid  recovery,  in 
other  cases  running  a  more  chronic  course  with  alternating  relapse 
and  recovery.  Sometimes  it  leads  to  permanent  disablement  or  im- 
pairment of  motor  functionfl.  The  sphincters  may  escape,  and  the 
nieotal  condition  is  not  as  a  rule  impaired,  except  perhaps  at  the  onset, 
which  may  be  characterised  by  unconsciousness  and  delirium.  Ac- 
cording to  some  observers,  the  condition  may  merge  into  one  not  diu- 
tinguishable  from  disseminated  sclerosis.  Lejden,  however,  asaerted 
that  disseminated  encephalomyelitis  has  no  tendency  to  extend. 

In  the  rare  form  of  diffuse  central  myeWu  there  is  usually  rapid 
loBB  of  power,  of  sensation,  and  of  reflex  action,  considerable  elevation 
of  temperature,  speedy  trophic  disturbance,  and  often  death  at  the 
end  of  two  or  three  days.  Rarely  sensation  and  reflex  action  have 
been  lowered  and  not  lost.  On  the  other  hand,  the  loss  of  sensation 
is  said  to  be  sometimes  absolute,  when  motor  palsy  is  incomplete. 
The  symptoms  have  begun  in  arms  and  legs  simultaneously,  or  in 
either  of  these,  and  have  accordingly  spread  upwards  or  downwards. 
Practically  nothing  is  yet  known  of  any  slight  non-fatal  forms  of  this 
variety-  Hsemorrhagic  mrjelitis  is  scarcely  a  special  form,  since  anv 
acute  inflammation  of  the  cord  may  be  attended  by  a  sudden  extrava  • 
sation  of  blood.  Its  manifestation  is  the  sudden  onset  of  severe 
symptoms  after  slighter  disturbance,  such  as  indicates  a  commencing 
myelitis. 

FarenchymaiouB  myelitis  is  known  only  in  a  few  forms,  and  we  have 
mnch  yet  to  learn  regarding  it.  In  dipLtlicritic  paralysis  there  is  an 
acute  degenerative  change  in  the  nerve-elements,  especially  in  the 
nerve-cells,  which  must  be  regarded  as  essentially  a  lesion  of  this 
form.  In  some  cases  of  polio-myelitis  the  motor  nerve-cella  suffer 
primarily,  and  the  interstitial  tissue  is  not  iifected  except  in  the 
severer  cases  of  this  form.  In  all  inflammations,  whether  parenchj- 
matous  or  interstitial  in  nature,  aU  the  tissues  of  an  organ  tend  to 
be  involved  if  the  process  is  acute.  Other  symptoms  that  are  of  im- 
portance, as  fluggeating  this  variety,  are  those  of  acute  ataxy,  clearly 
dependent  on  an  affection  of  the  cord  occasionally  met  with.  Thus 
a  married  woman,  who  was  certainly  the  subject  of  syphiUa,  and 
had  presented  secondary  gymptoms  a  year  previously,  found  one 
day  that  she  could  not  walk  so  well  as  usual,  and  the  next  morning 
could  not  stand,  on  account  of  extreme  inco-ordination  in  the  legs. 
When  she  tried  to  use  them,  the  resemblance  to  the  extreme  degree 
of  locomotor  ataxy  was  perfects  The  knee-jerk  was  normal  on  the 
right  side,  almost  lost  on  the  left.  The  left  leg  was  thought  to  be  a 
httle  weak,  but  in  a  day  or  two  its  power  was  good.    For  the  first 
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few  daya  there  was  great  liji>er8estLeaia  of  tlie  lower  part  of  the 
trunk  and  legs,  but  at  the  end  of  a  week  this  was  reduced  to  a  band 
at  the  level  of  the  lower  half  of  the  abdomen,  where  even  a  touch 
occasioned  pain  ;  8ubse<:jiieutlj  a  girdle  pain  developed  in  this  region. 
Her  condition  lasted  unchanged  for  two  months,  and  then,  iodide  and 
belladonna  being  given,  slowly  improved  j  but  it  was  not  until  four 
months  after  the  onset  that  she  could  walk  a  little,  and  then  only  in 
a  highly  ataxic  manner.     Her  recovery  was  ultimately  perfect. 

In  another  group  of  cases,  of  which  I  have  seen  several  instances, 
inco  ordination  cornea  on  acutely  in  one  arm,  and  maybe  accompanied 
by  complete  muscular  anaesthesia,,  so  that  the  power  of  estimating 
weights  is  absolutely  lost,  a  poker  and  feai  her  sceminj,'  alike,  although 
cutaneous  sensibility  is  perfect.  The  condition  has  reached  ita  height 
in  the  course  of  a  few  hours,  remained  complete  for  weeks,  and  slowly 
passed  away,  in  the  cases  I  have  seen.  The  precise  nature  is  uncertain ^ 
but  provisioiially  it  seems  best  to  class  them  together  as  cases  of  acute 
myelitic  ataxy.*  Their  dependence  on  an  organic  spinal  lesion  seems 
certain,  and  the  onset  of  this  ia  incompatible  with  any  other  than  an 
inflammatory  process.  It  is  possible  that  some  of  these  cases  are  due 
to  a  focus  of  ordinary  inflammation,  so  situated  as  to  affect  structures 
of  a  common  function,  while  others  may  be  parenchymatous. 

Pathology. — Very  little  ia  known  of  the  pathology  of  acute 
myelitis, — that  is,  of  the  actual  mechanism  by  which  it  is  produced, 
of  the  nature  of  the  causes  to  which  it  is  due,  and  of  the  relation  of 
the  morbid  process  to  its  causes.  The  spinal  cord  differs  from  most 
organs  in  its  great  liability  to  primary  inflammation,  in  which  it 
presents  a  remarkable  contrast  to  the  brain.  The  liability  is  not 
equally  distributed  in  the  cord,  but  is  least  in  the  parts  nearer  the 
hniin,  less  in  the  cervical  than  the  lumbar  enlargement,  and  lesss  in 
these  than  in  the  dorsal  region,  so  far  as  the  most  common  form  is 
concerned.  The  special  lialnUty  of  the  dorsal  region  to  transverse 
myelitis  may  be  associated  with  the  readiness  wilh  which  this  part 
undergoes  post-mortem  softening,  but  we  are  igoorant  of  the  condi- 
tions by  which  this  liability  is  determined.  The  disseminated  form 
haa  less  tendency  to  be  localised  in  any  special  pai-t.  A  question 
of  considerable  interest  is  whether  acute  inflammation  of  the  cord 
always  begins  as  such,  or  whether,  in  any  case  or  form,  it  is  set  up 
by  vascular  obstruction,  such  as  thrombosis  in  a  minute  vessel.  It 
is  conceivable  that  such  an  initial  lesion  may  ultimately  disappear 
in  the  intense  inflammation  it  eicitea  f  Myelitis  may  be  readily 
produced  by  the  arrest  of  the  blood-supply  even  for  a  short  time,  as 
numerous  experimenters  liave  shown,  Int  their  researches  tliiow  little 
light  on  the  disease  aa  it  occurs  in  man  ;  the  effect  is  to  produce  fij'st 

*  For  a  tvpicMl  ca^e  uppArcutlj  of  tUit  chafttcter  see  Campbell  TUoiUfii'ti, 
•  Lancet/  1897,  vol.  ii,  p.  1586. 

t  Williamson  ('  LaaceV  1S04-)  h&Mi  flliown  tlint  myelitis  it  Bometimet  tbe  result 
of  obiitructloQ  occurring  iu  Tesatili  with  svphUitic  endarteriiis. 
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necrotic  breaking  tip  of  the  nerve-elementii,  and  long  after  this  the 
vascular  lesions  of  ordinary  interstitial  myelitis*  The  proiM^sses  are 
eatentiaJlj  diSerent.  But  tlie  experiments  show  that  the  lumbar 
enlargement  is  thus  dam a-f^jeii  with  special  roadiness,  and  this  suggests 
that  the  procliritj  to  disease  of  this  part  is  due  to  its  inherent  sus- 
ceptibility. 

At  present  the  questions  of  chief  interest  are  the  extent  to  which 
the  disease  is  due  to  a  morbid  1>1*vm1- state,  the  probable  nature  of  such 
a  cause,  and  the  mechaaism  by  which  it  acts.  The  chief  facts  that 
throw  Light  on  the  subject  have  been  mentioned  already,  the  most 
important  being  the  occurrence  of  myelitis  in  the  acuta  specific 
diseases  (in  which  we  must  ascrilte  it  to  the  organised  virus  of  the 
primary  malady  iteeH,  to  some  secondary  but  associated  organised 
virus,  as  the  staphylococci  found  in  Marinesco's  case  of  myelitis  occur- 
ring after  smallpox,  or  to  some  chemical  toxin,  the  product  of 
organisms),  aud  the  evidence  of  an  influence  acting  throughout  the 
system,  afforded  by  the  wide  extent  of  the  disseminated  form  and  its 
occasional  association  with  disease  elsewhere,  such  as  optic  neuritis. 
It  is  to  this  form  that  oiu"  knowledge  chiefly  relates-  Of  tbe  patho- 
logy of  simple  transverse  myelitis  we  have  only  the  fact  that  it 
often  follows  cold,  which  brings  it  into  closer  analogy  with  the  simple 
inflammations  of  other  organs. 

The  knowledge  that  has  been  gained  of  the  influence  of  toxic  blood- 
statea  on  the  peripheral  nerves  gives  us  the  help  of  analogy  in  con- 
ceiving that  myelitis  may  often  have  the  same  ori^nn.  But  a  difference 
exists  in  the  fact  that  the  multiple  neuritis  so  produced  is  commonly 
parenchymatous,  while  the  myelitis  is  conspicuously  interstitial.  Of 
the  pathology  of  parenchymatous  myelitis  we  know  almost  nothing. 
The  question  of  causation  will  be  again  alluded  to  in  considering  the 
special  inflammation  of  the  grey  matter. 

The  chief  relation  of  the  symptoms  to  the  lesion  has  been  con- 
sidered in  the  general  account  of  the  symptoms  of  spinal  cord  disease, 
and  those  relating  to  the  destructiTe  and  regenerating  processes  have 
been  mentioned  in  the  section  on  pathological  anatomy.  We  may* 
however,  further  note  that  the  vascular  changes,  which  take  so  largo 
a  share  in  the  process  of  interstitial  inflammation,  as  seen,  for 
instance,  in  the  disseminated  form,  mu^t  extend  the  process.  The 
escape  of  leucocytes  into  the  sheaths  tends  to  interfere  with  the 
lumen  of  the  vessel  and  the  flow  through  it,  while  their  accumula- 
lion  in  the  tissue  must  entail  local  destruction  of  the  nerve- elements. 
If  the  cause  of  the  myehtis  is  a  persistent  influence,  such  as  the 
poison  of  a  progressing  speciflc  disease,  or  the  agent,  whatever  it 
be,  that  is  effective  in  gout,  it  is  easy  to  understand  that  the  local  in- 
fluence of  the  lesion  itself  will  co-operate  with  that  of  its  cause,  and 
induce  the  progressive  tendency  tlmt  is  a  characteristic  of  this  form, 

DiAONOsiB.  —  ^[yelitis  is  recognised  by  the  rapid  onset  of  symptoms 
indicating  structural  disease  of  the  cord.     Among  these  the  failure  of 
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pawer  la  the  moat  Bi'^ificant,  although  the  Bubjective  sensations  that 
accompanj  it  are  <  .  i  more  obtmsive  at  the  on&ot,  and  prevent 
mistake  as  to  the  meaning  of  the  weakness.  When  they  are  absent 
the  enfeeblement  may  be  mistaken  for  mere  prostration  in  cases  ia 
which  some  general  illness  coincides,  and  it  ia  probable  that  slight 
myelitis  sometimes  occui-s  during  an  acute  specific  disease  and  alto- 
gether escapes  detection.  But  among  the  earlj  symptoms  no  one  is 
more  important,  for  its  definite  significance,  than  retention  of  urine ; 
and  it^  importance  b  increased  by  the  fact  that  it  may  precede  all 
symptoms  in  the  legs  and  give  a  warning,  the  heed  of  which  might 
sometimes  enable  lasting  palsy  to  be  prevented  or  life  itself  preserved. 
The  diagnosis  may  be  aided  by  the  presence  of  such  general  sym- 
ptoms aa  attend  the  occurrence  of  inflammation  in  other  organs ;  but 
the  absence  of  these  is  of  little  negative  signiticance,  while  the 
presence  of  constitutional  disturbance  is  as  likely  to  mislead^  as  it  is 
to  suggest  a  local  affection.  The  position  of  the  myelitis  must  be 
inferred  from  the  considerations  already  described.  Its  upper  Umit 
is  indicated  by  the  upper  limit  of  the  paralysis ;  that  of  sensation  is 
most  readily  defined,  and  usually  corresponds  to  that  of  motion.  But 
the  upper  limit  no  more  shows  the  extent  of  the  disease  below  it,  than 
the  surface  of  water  does  its  depth.  The  extent  downwards  must 
be  gauged  by  the  impairment  of  the  functions  of  the  curd  as  a 
central  organ  (reflex  action  and  muscular  excitability)  in  the  parts 
j>aralysed,  while  the  degree  to  which  the  various  structures  of  the 
cord  are  damaged  must  be  inferred  from  the  character  and  degree 
of  the  symptoms  in  the  afEect«^d  parte.  In  ascertaining  the  state  of 
the  lowor  dorsal  region  the  trunk  and  crenmBteric  reflexes  are  espe- 
cially important. 

Thus  if  called  to  a  patient  who  has  rapidly  become  paraplegic,  the 
practitioner  should  first  note  the  degree  of  motor  and  sensory  para- 
lysis of  the  legs  (in<licating  whether  the  lesion  is  total  or  partial), 
and  how  high  up  the  trunk  the  symptoms  extend.  He  should  then 
test  the  reflex  action  in  the  affected  limbs  and  trunk,  and  ascertain 
the  state  of  myotatic  Lrritability  in  the  limbs.  These  indicate  the 
cundition  of  the  reflex  arcs  in  the  lower  poi*tioii  of  the  cord.  Further 
infornifition  on  this  point  is  afforded  by  the  state  of  muscular  nutri- 
tioE»  and  especially  by  the  evidence  of  the  state  of  nutrition  of  the 
nerve-fibres  which  ia  revealed  by  faradism.  If  reflex  action  is  per- 
fect, and  the  muscles  have  preseiTcil  their  tone,  this  examination  Is  a 
matter  rather  of  scientific  interest  than  of  practical  importance.  It  is 
useless  to  apply  this  test  until  five  or  seven  days  after  the  onset, 
because  four  or  five  days,  and  often  eight  or  ten.  elapse  before  the 
degenerative  changes  occur  in  the  nerve-fibres.  The  examination  may 
^hen  be  made  without  any  risk,  provided  a  very  gentle  current  is 
employed,  just  sufficient  to  cause  a  contraction  in  the  corresponding 
muscles  of  a  healthy  limb,  and  the  current  need  not  be  applied  to 
each  spot  for  more  than  a  second.     The  isolated  farad ic  shock  may 
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be  employed  with  adyantage  on  account  of  the  ab^enoe  of  tbt 
seniory  stimulation  that  is  caused  bj  the  current  (see  "  Atrophte  f^n^ 
ljtd»**).  If  no  change  is  found*  the  examination  majr  be  r«|MBt«d  si 
the  end  of  ten  dajs  from  the  onset.  If  no  muscles,  at  thu  «ii4  ol  tkl 
time,  present  an j  considerable  diminution  of  oo&tra  *  ahovi 

that  no  considerable  nutritive  chajige  is  taking  place  ncrftt^ 

and   that  the  grej  matter  from  which   the  nenrea  proceed  it  ikol 
inflamed.     On  the  other  hand,  if  certain  muscles  preaetti  m  dofttiiii* 
tion  of  irritabilltj,  others  being  normal,  there  is  a  focal  Imma  m  tk 
corresponding  grej  matter.     If  all  the  muscles  of  both  l^g9  piwat 
such  a  failure,  there  is  inflammation  of  the  lumbar  grejr  naiilir, 
and  if  sensation  is  also  lost,  a  total  lumbar  mjelitia.     So,  it  then  ii 
cerrical  myelitis  with  paraljais  of  all  four  limbs,  tJie  orkodhaon  of 
irritability  of  the  arm  muscles  shows  whether  the  diaeaae  involfH»  or 
is  above,  the  grey  matter  in  the  lower  half  of  the  oerrical  enlar^ 
meut.     If  there  is  impairment  of  irritabiUl^,  its  extent  in  tlM  tvo 
arms  will  afford  an  indication  as  to  whether  the  myelitis  is  totel  or 
whether  it  affects  chiefly  certain  spots.     The  distinotion  from  naji' 
polio-myelitis  depends  on  the  fact  that  the  sympi^nus  arv  not  fmRtr 
motor.     It  is  only  when  the  myelitis  is  oenrioal  or  lumbar  that  ^ 
diagnosis  is  a  matter  of  difficulty ;  in  these  cases  the  arms  and  ke* 
are  the  seat  of  atrophic  paralysis  in  ordinary  myelitis.  b«ettQM  (^ 
grey  miitter  is  involved.    Tliere  is,  indeed,  polio- myelitis  in  fOich  CMtt. 
but  there  is  also  more,  and  the  impairment  of  sensation,  together  vit^ 
the  simple  palsy  of  the  legs  when  the  disease  is  in  the  corneal 
ahowB  the  involvement  of  other  parts  than  the  anterior  eomua,— i 
is  the  essential  distinction.     The  most  equivocal  condition  is  thil 
which  exists  when  simple  but  Revere  polio- myelitis  in  ths  otrfiol 
region   spreads  to  the  white  columns  immediately   oontt^novs,  i»i 
causes  wealmeas  of  the  legs.    But  it  never  causes  complete  loss  d 
power,  even  for  a  short  time,  and  the  legs  soon  recover,  whersM  » 
ordinary  cervical  myelitis  the  loss  of  power  in  the  legs  is  oft«ft  ta9r_ 
plete  and  prolonged,  and  is  accompanied  by  impairment  of 
not  met  with  in  polio-myelitis. 

The  distinction  of  the   other  varieties  of  myelitis  rasts  on 
special  features  already  described.     That  of  the  dwemin^Ud  fcm 
rests  on  the  irregular  distribution  of  the  symptoms  and  the  m< 
of  damage  extending  through  a  considerable  vertical  extent  of 
coni,    but  in   some  x>art8  incomplete   in  degree.     An  inflammi 
which  continues  to  extend  after  the  first  two  or  three  days  is  cei 
disseminated,  and  most  subacute  cases  are  of  this  variety,  and  t 
those  that  are  secondary  U>  blood-states.    The  distinction  is  ii 
tiint,  because  this  form  is  far  more  grave  than  any  other,  and 
likely  to  cause  death.    It  is  doubtful  whether  ceninU  myelitis  am  U 
diagnosed  during  life ;   there  is  usuaUy  a  slightsr  degrae  of  njrslitis 
in  the  other  elements  which  causes  symptoms  r.*«**mbling  th«  --^•-    - 
form.    There  is.  however,  one  exceptiou  t^  the  rule  that  a 
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distinction  is  that  in  ascending  mjelitis  sensation  is  affected,  and 
if  the  patient  sunrives  tbero  ia  a  strong  tendency  to  trophic  disturb- 
ance In  the  skin,  while  many  muscles  waste  and  present  loss  of  faradic 
irritabilitj.  In  acute  ascending  paralysis,  on  the  other  hand,  seosa- 
tion  is  little  impaired ;  some  parts  may  be  spared  by  the  ascending 
palsy ;  bedsores  do  not  form ;  and,  if  the  case  is  not  fatal,  there  is  no 
change  in  the  electric  irritability  of  the  muscles. 

In  meningitis  the  symptoms  of  irritation,  sever©  pains,  mnscular 
rigidity,  &c ,  are  prominent,  wliile  they  are  absent  in  simple  myeHtis 
But  in  many  cases  the  two  conditions  co-edst,  and  which  disease  is 
predominant  can  only  be  decided  by  the  order  and  degree  of  the 
development  of  the  sjrmptoms.  In  meningeal  HsemorrfLage  there  is 
severe  pain  in  the  back  and  acute  irritation  of  the  nerve-roots. 

The  distinction  from  multiple  neuritis  has  been  considered  in  the 
account  of  that  disease.  It  chiefly  arises  in  the  cases  of  pobo- myeHtis, 
presently  to  be  considered ;  but  a  difficulty  may  exist  when  a  paren- 
cbymatoua  myelitis  affects  the  structures  on  which  co-ordinatioa 
depends,  and  produces  the  condition  of  myelitic  ataxy.  Such  cases 
are  distinguiahed  from  tboso  of  neuritic  pseudo-tabes  by  the  foct 
that  some  other  structures  are  involved,  so  tlrnt  symptoms  are 
present  that  are  only  met  with  in  diseases  of  the  spinal  cord,  A  verj 
acute  onset,  so  that  the  symptoms  reach  a  high  degree  in  a  few  hours, 
is  also  evidence  of  the  myelitic  origin.  The  case  mentioned  on  p.  366 
affords  an  illustration  of  these  distinctions. 

Myelitis  is  far  from  rare  in  patients  of  the  age  and  sex  in  which 
hysteria  especially  prevails,  and  many  cases  are  mistaken  for  hgttterical 
paraplegia — sometimes  because  symptoms  of  hysteria  concur,  often 
merely  because  the  patient  is  a  girl  and  her  legs  well  nourished.  The 
converse  error  is  very  rare.  The  misf  Liliu  occurs  especially  in  cases  of 
transTerse  dorsal  myelitis,  in  which  there  is  no  wasting  of  the  muscles 
of  the  legs.  The  gradual  development  of  considerable  excess  of 
rnyotatic  irritability  is  a  symptom  of  great  diagnostic  value,  and 
when  this  increases  to  characteristic  extensor  spasm  there  should  be 
no  room  for  doubt.  If  one  leg  is  lifted  from  the  bed,  and  the  other 
moves  with  it  owing  to  the  rigid  extensor  spasm,  organic  disease  is 
certain ;  hysterical  contracture  never  fixes  the  legs  to  the  pelvis  so  as 
to  permit  this  effect.  In  hysterical  paraplegia  there  may  be  retention 
of  urine,  but  there  is  uot  incontinence.  Among  other  conclusive 
symptoms  of  organic  disease,  a  girdle  pain,  and  incontinence  of  fceces, 
are  of  especial  value.  Trophic  changes  in  the  skin  sometimes  decide* 
even  alone,  the  nature  of  the  case. 

Peookosis. — The  primary  danger  to  life  in  myeHtis  depends  upon 
the  risk  of  respiratory  palsy,  and  hence  on  the  region  of  the  cord  in 
which  the  disease  is  situated,  A  disposition  to  spread  is  always  of 
grave  significance,  and  so  also  are  indications  of  a  serious  blood- 
change,  which  is  likely  to  increase  the  damage  it  has  caused.  On 
this  account  the  prognosis  is  worse  in  disseminated  than  in  simple 
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transverse  mjelitifi,  and  it  is  longer  before  confidence  can  be  felt  that 
arreflt  will  endure.  The  risk  ia  great  whenever  the  cervical  region  la 
diseased,  so  that  the  intercostal  muscles  are  paralysed^  and  in  propoi^ 
tion  to  the  nearnesB  of  the  lesion  to  the  origin  of  the  phrenic  nerve, 
on  which  life  then  depends.  Hence  a  careful  examination  of  the 
respiratory  movements  should  be  the  first  concern.  Any  indications 
that  foci  of  inflammation  have  developed  in  the  medulla  oblongata 
are  of  extremely  grave  significance.  Another  danger  ia  from  acute 
trophic  disturbances,  and  on  this  account  the  prognosis  must  be 
guarded  whenever  the  lumbar  enlargement  ia  diseased,  or  is  threatened 
by  the  extension  of  the  inflammation.  Hence  bedsores,  if  forming 
early,  within  the  first  month,  are  an  unfavorable  indication ;  at  a  later 
period  they  have  less  influence  on  the  propfnosis.  There  may  even  be 
a  phlegmonous  conditirm  of  the  viscera  produced.  The  occurrence  of 
cystitis,  and  especially  of  any  indication  of  secondary  kidney  disease, 
increases  very  much  the  gravity  of  the  case. 

The  prospect  of  recovery  of  power  cMefly  arises  when  the  onset  is 
over,  and  the  disease  has  become  stationary.  Its  degree  depends  (1) 
on  the  intensity  of  the  disease,  as  shown  especially  by  the  loss  of  sen- 
sation as  well  as  of  motion,  and  (2 )  on  its  vertical  extent  as  indicated 
by  the  impairment  of  the  central  functions  of  the  cord ;  (3)  on  the  early 
occurrence  of  symptoms  of  improvement.  The  longer  loss  of  senia- 
tion  continues,  the  less  is  likely  to  be  the  degree  of  ultimate  recovery. 
(4)  It  is  iuiiuf  need  to  some  extent  by  the  cause  of  the  myelitis,  being 
better  if  this  is  due  to  a  removable  cauae,  such  as  prtsaure,  than  if 
apontaneons.  (5)  It  is  better  when  the  disease  is  couJined  to  the 
dorsal  region  than  when  rapid  atrophy,  tfcc,  of  the  muscles  show  that 
the  lumbar  grey  matter  is  mvolved.  The  longer  motor  palsy  remains 
absolute,  the  less  perfect  -..ill  be  the  ultinoate  recovery.  If  some 
power  returns  within  a  fortnight,  the  amount  that  will  be  regamed 
will  probably  be  great ;  but  even  complete  loss  of  power  for  six  months 
does  not  preclude  the  ultimate  return  of  the  ability  to  walk,  and  I 
have  even  known  this  result  after  complete  paralysis  for  a  year  from 
transverse  myelitis.  The  development  of  increased  myotatic  irrita- 
bility  shows  that  improvement  will  not  speedily  occur,  but  even 
rigidity  and  the  state  of  *'  spaBtic  paraplegia  "  does  not  lessen  materi* 
ally  the  prospect  of  some  recovery  in  a  case  in  which  the  loss  of  power 
remains  complete  for  a  month  or  more.  Indeed,  the  flpasm  often 
enables  the  patient  to  stand  with  a  slighter  degree  of  voluntary  power 
than  wotdd  suffice  if  the  limbs  were  supple 

The  fact  of  preceding  eyphihs  must  be  allowed  very  little  influence 
on  the  prognosis  in  a  case  of  simple  acute  myehtis,  but  greatly  im- 
proves the  prognosis  if  there  are  indications  that  the  infiaumiation  is 
secondary  to  a  more  chronic  process  outside  the  cord* 

TfiBATMENT. — If  a  case  comes  under  observation  at  the  earliett 
period,  when  only  sHght  sensory  disturbance  and  slight  weakness  of 
the  legs  indicate  the  conmiencing  process,  the  question  ai-isea  whether 
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anj  treat  ment  can  avert  the  further  development  of  the  inflammatioiu 
If  the  symptoms  are  clearly  due  to  exposure  to  cold,  a  hot  bath, 
followed  by  free  diaphoresis,  should  be  employed,  and  followed  bj 
coimter-irritation  and  the  other  measures  now  described*  If  con- 
siderable paralysis  shows  that  the  process  of  inflammation  is  fuUy 
deTcloped,  little  can  be  expected  from  these  measures,  and  it  is 
better  not  to  subject  the  patient  to  treatment  that  is  incompatible 
with  perfect  rest.  This,  in  aU  cases,  is  of  paramount  importance. 
Both  functional  excitation  of  the  cord  and  movement  of  the  spinal , 
column  should  be  avoided.  The  remarks  regarding  posture  made  in  i 
the  account  of  the  treatment  of  inflammation  of  the  membranes 
apply  also  o  that  of  the  cord  itself ;  it  is  most  undesirable  that  the 
spine  shotJd  be  the  lowest  part  of  the  body,  and  it  is  rather  less 
difficult  to  keep  the  patient  ofE  the  back  in  myelitis  than  in  menin* ' 
gitis.  i  plank  back-reat  in  the  bed  will  be  found  a  great  assistance 
in  securing  comfortable  rest  on  the  side.  If  there  is  any  reason  to 
suspect  hflemorrhage,  or  if  there  are  indications  of  rapid  extension  of 
the  inflammtition,  the  prone  position  should  be  adopted,  and  even  in 
myelitis  it  is  well  to  adopt  it  at  times  as  a  change  from  the  lateral 
posture. 

The  removal  of  blood  from  the  skin  of  the  back  over  the  affected 
region,  by  Lx^ches  or  wet  cuppiog,  is  an  old  measure,  which  liuds  some 
theoretical  justification  in  the  fact  that  the  blood  from  the  structures 
behind  the  spine  passes  into  the  same  veins  as  the  blood  from  the 
spinal  cord  itself.  Hence  this  measure  may  conceivably  hare  some 
influence  on  the  circulation  in  the  cord.  If  the  patient's  strength  is 
not  such  as  to  render  the  abstraction  of  blood  desirable^  dry  cupping 
may  be  employed,  or  the  vessels  of  the  skin  may  be  dil&ted  by  hot 
fomentations,  or  a  mustard  plaster,  or  hot  water  bags.  By  stimu- 
lating the  I  uianeoua  nerves,  these  agents  may  also  influence,  in  a 
reflex  manner,  the  vessels  of  the  cord.  The  application  of  cold  to  the 
spine,  as  by  a  spiual  ice-bag,  has  also  been  recommended.  Contrary  aa 
these  therapeutic  agents  seem,  it  is  probable  that  each  moderates  local 
inflammation  in  the  same  manner,  by  causing  first  contraction  and  then 
dilatation  of  the  vessels  of  the  inflamed  part,  and  so  lessening  the 
tendency  to  stasis  of  the  blood,  on  which  some  effects  of  inflammation 
depend.  Unless  there  is  reason  to  suspect  heemorrhage,  the  applica- 
tion of  warmth  is  the  safer  and  probably,  judging  from  eiperienct*, 
the  more  effectual.  At  the  very  onset  of  intiaramation  mild  oounter- 
irritation  is  unquestionably  useful,  and  even  a  blister  may  be  em- 
ployed. The  actual  cautery  of  PaqueHn,  applied  in  a  series  of  spots 
along  each  side  of  the  spine,  is  probably  more  effective,  and  less  liable 
to  set  up  or  intensify  trophic  disturbance ;  but  when  the  process  has 
reached  a  considerable  degree  it  is  very  doubtful  whether  oounter- 
irritation  hits  much  influence  imtil  the  acute  stage  is  over. 

In  other  respects  the  treatment  of  acute  inflammation  of  the  cord 
must  be  guided  rather  by  the  uature  of   the  process   than   by  the 
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chaiactcr  of  the  organ  ia  which  it  occurs,  and  the  fact  that  it  is  an 
acute  local  iafiammation  ahoultl  be  kept  in  view,  A  nutritious  but 
unstimulating  diet,  aperients,  and  diuretics  are  desirable  in  all  cases. 
If  there  ia  constipation  a  free  purgative  may  be  given.  Whenever 
there  is  evidence  of  a  morbid  blood-state,  it  is  important  that  this 
should,  if  |Kissible,  be  improved,  but  we  have  still  to  learn  how  most 
toxaemic  states  can  be  neutralised.  Nitrous  ether  may  be  g-iven  as  a 
diuretic  with  some  tincture  of  digitalis,  whirh  tends  to  render  the 
circulation  uniform,  and  to  lessen  stasis  by  its  influence  on  the  smiaJl 
arteries.  The  reason  for  diuresis  in  that  probably  no  local  inflamma- 
tim  occurs  that  is  not  associated  witli  a  morbid  state  of  the  blood, 
wliich  may  be  to  some  extent  relieved  by  the  action  of  the  kidneys. 
If  any  special  drug  ts  gi?eii,  it  may  be  cambined  with  those  above 
named.  It  is  as  difficult  to  ascertain  the  effect  of  the  drugs  which 
are  supposed  to  exert  a  sf«eeial  influence  on  myelitis,  as  it  is  in  the 
case  of  other  local  inflammations,  which  have  no  (u-edetermined 
degree,  and  tend  to  subside  when  they  have  reached  their  height. 
Ergot  was  recommended  by  Broi^Ti-Stquard,  chiefly  on  theoretical 
grounds,  and  has  been  extensively  employed.  In  rare  cases  it  has 
fitjenied  to  do  good.  In  eases  of  haemorrhagic  myelitis  it  may  reason- 
ably be  given  with  greater  confidence,  or  ergot  in  (3  to  5  grs.)  may  be 
injected  beneath  the  skin.  Belladonna  has  also  been  recommended, 
but  the  evidence  that  it  influences  the  morbid  process  is  not  strong, 
Mer*:ury  has  been  largely  employed,  given  by  the  mouth  and  by 
inunction.  The  influence  of  mercury  on  the  inflammation  of  internal 
organs  does  not  seem  so  great  as  upon  that  of  the  fibrous  tissues  and 
of  the  structures  that  invest  organs.  Certainly  in  myelitis  its  effect 
is  less  distinct  than  it  is  in  many  cases  of  meningitis.  Iodide  of 
potassium  seems  to  be  no  more  efficacious  than  mercury.  In  cases  of 
tnuisverse  myehtis  occurring  in  syphiUtic  eubjects  the  treatment  for 
syphilis  seems  to  have  but  little  influence  on  the  morbid  process.  It 
is  true  that  such  treatment  ia  rarely  adopted  at  the  very  onset  of 
acute  myelitis,  but  after  the  disease  has  developed  energetic  treatment 
does  not  seem  to  modify  its  subsequent  course.  This  is  true  also  of 
the  subacute  disseminated  myelitis  that  occurs  in  the  subjects  of 
syphilis,  and  might  be  expected  to  be  more  amenable.  I  have  known 
this  form,  concurring  with  syphilitic  disease  of  the  cerebral  arteries, 
to  develop  and  run  its  course  to  a  fatal  termination  in  spite  of  con- 
tinuous antisyphilitic  treatment,  to  wliich  the  arteritis  yielded* 

In  the  genemJ  management  of  a  case  of  myelitis,  two  points  are  of 
extreme  important.  One  is  to  avoid,  by  scrupulous  cleanliness  and 
care,  the  exdting  causes  of  bedsores.  The  akin  should  be  most  care- 
fully watched,  and  any  indication  of  deleterious  pressure  met  by  a 
change  of  position  or  an  alteration  of  the  mode  of  supporting  the  part. 
Cotton  wool  is  very  usefiU  for  this  purpose.  If  there  is  a  marked 
tendency  to  trophic  changes  the  patient  should  be  placed  on  a  water- 
bed.     When  there  is  incontinence  of  urine,  the  difiiculty  of  avoiding 
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irritation  of  the  bThd  is  greatly  increased.  For  malea,  a  bed  urinal  is 
sometimes  iispful,  but  often  it  cauees  irritation  and  even  sloughing  of 
the  prepuce,  and  then  does  more  harm  than  good.  A  quantity  of 
boracic  or  salicylic  abaorbent  cotton  wool,  dianged  as  often  as  it 
becomes  saturated,  is  one  of  the  best  means  of  meeting  this  difficulty. 
It  must  be  remembered  that  the  prevention  of  bedsores  is  the  pre* 
vention  of  one  common  cause  of  death.  Should  offensive  sores  form, 
a  quantity  of  picked  oakum,  placed  outside  the  immediate  dressing,  if 
a  cheap  and  most  effective  means  of  preserving  the  air  of  the  rooii: 
from  the  fcetor  of  the  sores,  and  is  also  a  useful  substitute  for  absor* 
bent  cotton  wool,  in  the  case  of  the  poor,  to  absorb  the  unne  or  receive 
fffices  that  are  passed  unconsciously.  Such  material  is  also  useful  for 
relieving  prrsnure  when  a  water-bed  cannot  be  obtained.  The  second 
point  in  management  is  the  treatment  of  retention  of  urine.  If  there 
is  either  simple  retention  or  overflow  incontinence  the  bladder  must 
be  regularly  emptied  by  the  catheter,  great  care  being  exercised  to 
prevent  the  introduction  of  contaminating  germs.  The  importance  of 
dai!y  examining  the  abdomen  to  see  that  retention  has  not  occurred, 
cannot  be  exag:gerat«;*<L  If  the  bladder  is  left  full  and  the  urine 
allowed  to  dribble  away,  inflammation  is  sure  t-o  be  set  up,  and 
prolKibly  also  pyelo- nephritis.  If  cystitis  occurs,  antiseptic  washes 
must  be  used  to  lessen,  as  far  as  possible,  the  decomposition  of  the 
urine.  Under  this  influence  the  cystitis  usually  lessens,  and  one  grave 
danger  to  life  is  obviated. 

When  the  disease  of  the  cord  has  become  stationary,  the  patient 
may  be  allowed  to  move,  and  a  more  tonic  treatment  may  be  adopted. 
Iron,  quinine,  or  arsenic  may  be  given.  Strychnia  must  be  given  only 
in  very  small  doses  if  there  is  any  excess  of  reflex  action.  Occasional 
counter- Lrritatiou  may  U*  employed,  repeated  frequently  if  any  im- 
provement seems  to  result.  The  limbs  may  be  rubbed,  and  anv 
muscular  wasting  treated  with  electricity.  It  is  not  desirable  to  use 
elect  ricity  as  a  therapeutic  agent  while  the  cord  disease  is  in  an  acutely 
active  stage.  There  is  no  evidence  that  the  application  of  electricity 
to  the  spinal  column  has  any  influence  on  the  process  of  recovery  of 
the  cord.  Its  chief  value  is  to  maintain,  as  far  as  possible,  the 
nutrition  of  any  muscles  of  which  the  nerves  have  undergone  de- 
generation. In  cases  of  dorsal  myelitis,  in  which  the  legs  are  well 
nourished,  and  the  reflex  action  is  excessive,  it  is  better  not  to 
apply  any  form  of  electricity.  The  unavoidable  stimulation  of  the 
sensory  nerves  tends  to  increase  the  reflex  over-action*  Careful  atten- 
tion should,  in  ail  cases,  be  paid  to  the  position  of  the  limbs  during 
the  stage  of  helplessness,  so  as  to  avoid  as  far  as  possible  the  di»velop- 
ment  of  oontnurtious.  For  the  condition  of  active  spasm,  which  often 
develops  aft^r  severe  myelitis,  not  much  can  be  done;  such  special 
treatment  as  can  be  adopted  is  described  in  the  chapters  on  Primary 
Spastic  Paraplegia. 
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Abscebb   ow   thb   Spinal  Cokd, 

Simple  inflammation  of  the  spiiml  cord  scarcely  ever  goes  on  to 
the  formation  of  pus.  alttough  leucocytes  may  accum'  .^  at  certain 
points  of  the  grey  matter  so  densely  as  to  constituUs  microscopic 
collections  of  pus,  and  in  very  rare  cases  of  this  kind  anch  minut© 
abscesses  have  been  sufficiently  large  to  be  visible  to  the  naked  eye. 
Pus  only  forms  in  the  substance  of  the  cord  La  conaiderahle  quantity 
in  cases  of  purulent  meningitis.  In  most  instances  the  purulent 
meningitis  has  been  of  septic  origin,  rarely  traumatic.  In  the  former 
ease  suppuration  within  the  brain  may  coincide  with  that  in  the 
spinal  cord,  and  in  the  latter  it  may  be  very  extensive,  and  occur  at 
more  than  one  spot.  The  symptoms  are  those  of  an  acute  irritative 
my^elitis,  but  they  are  often  lost  in  those  of  the  purulent  meningitis 
which  precedes  the  disease  of  the  cord  itself.  Their  special  feature  is 
their  association  with  a  cause  of  septic  suppuration,  as  well  as  with  a 
bigh  temperature  and  other  Bymptoms  of  a  septic  blood- state. 

A  good  example  of  the  dise&se  is  a  case  recorded  by  Nothnagel. 
A  patient  suffering  from  cough  and  most  offensive  expectoration  was 
suddenly  seized  with  severe  pains  on  both  sides  of  the  abdomen, 
attended  by  a  sense  of  constriction  and  quickly  followed  by  paralysis 
of  the  bladder  and  of  the  legs,  with  loss  of  sensation  and  of  reflex 
action.  An  abscess  of  the  cord  was  diagnosed.  After  death  there 
WM  extensive  purulent  spinal  meningitis,  and  the  dorsal  and  lumbar 
cord  contained  an  extensive  collection  of  gangrenous  offensive  pns, 
which  seemed  to  occupy  the  central  paiii  of  the  cord,  from  the  cervical 
enlargement  downwards.  Some  abscesses  were  found  also  in  the 
white  Bubstance  of  the  brain.  In  another  case  described  by  Ullman* 
two  extensive  foci  of  suppuration  existed  in  the  cord,  one  cervical,  the 
other  lumbar;  the  former  had  caused  extensive  destruction  of  tissue, 
and  the  pus  had  escaped  into  the  subdural  space.  The  affection  was 
supposed  to  be  secondary  to  gonorrhoea. 


Ehsolism   oi*   thb   Spinai.   Cobd. 

The  occurrence  of  embolism  in  the  spinsJ.  cord  haj  not  yet  been 
provud,  but  a  few  iOM^s  have  been  met  with  which  suggest  the 
possibility  that  the  process  has  been  the  exciting  cause  of  an  acute 
myelitis.  In  a  young  man  with  mitral  regurgitation,  considerable 
weakness  of  the  rij2rht  leg  came  on  suddenly— in  a  moment — with 
transient  spasm.  The  onset  indicated  a  sudden  lesion  in  the  cord, 
which  might  well  have  been  tbe  embolic  obstruction  of  a  small  vessel. 
In  a  case  recorded  by  Weiss,  a  boy  aged  sixtoen,  with  chronic  mitral 
diBease,  was  suddenly  seized  with  complete  paraplegia,  followed  by 
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befisoFei,  &c.  He  died  four  months  after  the  ODset^  and  the  lymbar 
enlargeraent  was  found  completely  softened,  with  old  coagula  in  tha 
arteries.  There  was  eml>r4ism  ot  the  kidnejs  and  spleen,  and  the 
cortex  of  each  cerebral  hemisphere  presented  small  foci  of  softening. 
Such  cases  juatify  a  suspicion  that  embolism  may  be  the  cause  of  a 
Budden  leaioB  of  the  cord  in  a  patient  in  whom  a  aouroe  of  embolism 
exists,  and  the  process  has  occurred  in  other  or^^ans. 


Chponic    Mtelitis. 

The  spinal  cord  may  bt^  the  seat  of  chronic  inflammation,  which 
derelopa  slowly,  as  such,  in  tlie  course  of  a  few  or  many  months  ;  and 
the  condition  may  also  occur  as  the  sequel  to  acute  myelitis,  which, 
instead  of  subsidiag,  may  persist,  manifesting  from  time  to  time  signs 
of  activity.  It  is  often  difficult  to  say  whether  such  a  roudition 
should  be  regarded  as  an  acute  myelitis  that  has  not  subsided,  or  a 
chronic  iuJlauimation  beginning  acutely.  In  many  instancea,  indeed, 
it  is  probable  that  the  disease  is  most  accurately  regarded  as  a 
combined  form  in  which  the  causes  of  both  are  operative,  and  ft 
subsiding  acute  inflammation  is  arrested  and  maintained  by  the 
influences  that  would  be  capable  of  inducing  a  primary  chronic 
myelitis.  8uch  progresaive  tendeDcy  is  especially  conspicuous  in  the 
disseminated  form,  in  which  the  foci  of  inflammation  may  remain,  and 
fresh  ones  may  develop  from  time  to  time  in  a  chronic  or  subacute 
manner. 

The  lesions  of  chronic  myelitis  resemble  those  of  acute  myelitis  in 
seat  and  distribution,  and  intermediate  cases  connect  them  by  analogous 
subacute  forms.  They  differ  from  acute  inflammation  both  in  the 
longer  time  occupied  in  their  development,  and  in  the  absence  of  the 
considerable  vascular  disturbance  which  forms  part  of  the  acute 
process.  Such  chronic  myelitis  may  be  focal,  disseminated,  or  diffuse. 
In  the  former  case  it  mjiy  involve  the  whole  thickness  of  the  cord  at  a 
certain  level — chrovic  iran^verse  myelitis;  or  only  part  of  it,  sometimes 
one  half,  occasionally  for  a  considerable  vertical  extent.  The  chronic 
disaeminatfd  mijditis  may  resemble  the  corresponding  subacute  form 
in  distribution,  many  points  of  inflammation  being  scattered  through 
a  small  region,  or  through  a  large  part  of  the  cord,  and  its  symptoms 
may  become  diffuse  by  the  union  of  the  effects  of  the  disease. 

The  t-erm  **  chronic  myelitis  "  has,  however,  been  used  in  a  much 
wider  sense,  and  has  even  been  applied  by  some  to  all  local  processes 
attended  by  an  increase  of  interstitial  tissue,  whether  this  is  primary 
or  is  merely  secondary  to  a  degeneration  of  the  nerve-elements.  Thus 
the  degeneration  of  the  nerve-oella  in  progi-essive  muscular  atrophy 
has  been  regarded  and  described  by  many  as  a  chronic  myelitis  of  the 
grey  substance,  notwithstanding  the  fact  that  there  is  usually  a 
degeneration  of  the  whol©  motor  path,  in  both  segments,  from  the 
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cortex  of  the  brain,  through  the  pyramidal  tracts  and  motor  Tx&rvm, 
and  that  the  anterior  coraua  merely  constitute,  as  it  were,  a  focus  in 
which  the  efTocts  of  the  processes  are  especially  coii8i>icuoU8.  Such 
a  morbid  process  is  eyidently  quitf  different  in  nature  from  a  focus  of 
ordinary  inflammation,  in  which  the  primary  ch?ing*T  is  interstitial 
and  random  in  range  and  effects,  and  presents  no  limitation  to  fiinc- 
lion  in  the  incidence  of  the  consequences  on  the  nerve-structures. 
\VTienever  this  latter  feature  can  be  traced,  the  malady  must  be 
regarded  as  a  **  system  disease,"  i.e.  as  a  disease  affecting  a  system  of 
nenre-structurea  that  have  a  common  function.  If '"  system  diseases  " 
are  forms  of  inflammatiou,  they  are  "  parenchymatous  inflammations ;  " 
and  those  that  are  chronic  in  course  from  beginning  to  end  are  more 
commonly  termed  "  degenerations,"  and  are  so  classed  and  described 
in  these  pages.  Only ^  then,  the  chronic  interstitial  processes  of  random 
position  and  influence  are  here  considered. 

Etioloot — The  causal  relations  of  chronic  myelitis,  even  as  thus 
limited  in  conception^  are  very  various.  An  inherited  neuropathic 
tendency  can  sometimes  be  traced,  but  far  more  rarely  than  if  the 
cases  are  included  in  which  the  nerve-elements  suffer  primarily.  The 
diieaae  is  most  common  in  early  and  middle  a<iult  life»  but  it  occurs 
occasionally  in  old  age ;  it  is  met  with  in  both  sexes,  and  is  perhaps 
more  prevalent  in  females  in  the  first  half  of  middle  life  and  in  uuilca 
in  the  second — aji  important  fact,  because  so  many  of  tlie  t-ases  in 
young  adult  women  are  tliought  to  be  hysterical  in  nature. 

Various  con  lit  ions  which  lessen  constitutional  strength  predispose 
to  the  di>ea8e.  Definite  causes  often  cannot  be  traced,  although 
many  of  the  exciting  causes  of  acute  myelitis  seem  capable  of  giving 
rise  to  the  chronic  form,  when  acting  for  &  conHiderabJo  time,  or 
frequently  re|:»eated,  or  in  specially  prediajKJsed  persons.  Thus  while  a 
single  intense  exposure  to  cold  may  produce  acute  myelitis^  frequent 
habitual  exposure  may  cause  the  chronic  form.  Injury  is  a  frequent 
cause,  and  seems  to  act  in  more  than  one  way.  Chronic  inflammation 
may  develop  in  the  vicinity  of  a  damaged  spot,  when  the  traumatic 
lesion  may  have  been  too  slight  to  cause  pronounced  symptoms,  or 
may  have  caused  slight  effects  which  are  subsequently  lost  in  the 
more  severe  and  extensive  consequences  of  the  myelitis.  In  other 
cases  the  effects  of  the  lesion  may  be  too  slight  in  degree  to  be  at 
first  pfrceplible,  but  (either  by  a  slow  influence  on  the  processes  of 
nutrition,  or  by  extensive  minute  interstitial  lesions  that  induce 
secondary  tramnatic  in  lammation)  the  symptoms  of  extensive  damage 
to  the  cord  slowly  follow  an  injury  that  has  no  immediate  effect  on 
function.  These  cases  will  be  further  considered  in  a  subsequent 
chapter.  Kep*.*at<^d  over-exertion  has  also  seemed  effective  in  some 
cases.  Sexual  excess  has  been  thought  to  be  a  cause,  but  on  less 
clear  evidence. 

Chronic  myehtis  may  be  secondary  to  other  local  morbid  proce^Rea, 
especially  to  adjacent  inflanimatinn,  which,  when  it  also  causes  com- 
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pression,  inTariably  gives  rise  to  dironic  myelitis ;  tlie  inflammation 
that  results  from  presatire  on  tbe  cord  may  be  either  chronic  or  acute. 

Another  series  of  causes  consists  of  constitutional  states  capable  of 
giving  rise  to  local  inflanunations.  Chronic  alcoholism  is,  perhaps, 
the  moat  iQflucntial  and  important  of  these.  Chronic  mjelitis  due 
to  it  is  usuallj  associated  with  chronic  meningitis,  and  most  intense 
at  the  periphery,  beneath  the  inflamed  membranes;  but  it  thence 
extends  into  the  substance  of  the  cord,  aud  sometimes  tracts  of 
irregular  extent  and  position  are  involTed,  without  connection  with 
the  membranes.  This  cause  is  one  of  especial  importance,  because  it 
often  co-operates  with  others,  and  determines  effects  that  may  seem 
to  be  independent.  Its  effect  is  met  with,  for  example,  in  many  cases 
of  chronic  myelitis  that  are  excited  by  injury  and  seem  to  be  due 
solely  to  the  excitant,  although  the  results  of  this  would  hare  been 
trifling  aud  transient  but  for  the  tendency  induced  by  the  preceding 
and  often  profound  effect  of  chronic  alcoholism  on  the  tissues.  It 
also  complicatofl  many  cases  of  multiple  neuritis  due  to  the  same 
cause,  in  which  the  effects  of  the  peripheral  lesion  obscure  to  a  large 
extent  those  of  the  central  mischief,  by  causing  symptoms  that  pre- 
vent the  recognition  of  the  latter,  since  its  consequences  are  lost,  as  it 
were,  in  those  of  the  damage  to  the  nerves. 

The  gouty  diathesis  is  another  cause  of  chronic  myelitis.  We  are 
only  t^'j^inning  to  realise  how  often  it  acts  on  many  organs  and  tissues, 
and  how  frequently  inflammation  is  thus  induced.  It  is  certain  that 
this  is  a  common  cause  of  inflammation  in  the  substance  of  organs 
and  in  mucous  membranes,  and  chronic  as  well  as  acute  myelitis  is 
among  its  effects.  Many  cases  are  due  to  this  influence^  and  it  is 
instructive  to  not«  that,  like  chronic  alcoholism*  it  is  also  a  cause 
of  inflammation  of  the  peripheral  nerves.  The  disseminated  and 
progressive  forms  of  chronic  myelitis  are  especially  due  to  it,  and  the 
analogy  should  be  noted  which  these  present  to  the  irregular  forms 
of  perineuritis,  of  which  this  state  is  also  a  common  cause.  It  is 
probable  that  many  cases  of  chronic  myelitis  in  young  adults,  at 
present  mysterious  in  origin,  and  in  the  obstinately  progi-e^sive 
character  they  sometimes  manifest,  will  be  found  to  be  due  to  the 
influence  of  inherited  gout,  which  is  certainly  capable  of  causing 
analogous  inflammation  elsewhere  in  the  nervous  system, — as,  for 
instance,  in  the  optic  nerves. 

Another  cause  of  chronic  myelitis  is  constitutional  Byphilis.  The 
forms  that  are  apparently  due  to  this  are  of  two  types.  (1)  A  diffuse 
interstitial  inflammation,  most  intense  at  the  periphery,  with  much 
new  formation  of  tissue  and  thickening  of  the  walls  of  the  vessels, 
both  processes  extending  into  the  cord  from  the  pia  mater,  in  which  a 
similar  damage  exists.  This  form  may  be  subehronic  in  course,  and 
presents  some  histological  correspondence  to  known  syphilitic  pro- 
cesses. (2)  A  focal  very  chronic  indurating  myelitis,  such  as  shown 
in  Fig  lOG,  which  has  no  distinctively  syphilitic  feature,  may  occur  in 
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tery  late  iti^s  of  the  constitiitioitiU  disease.  In  neither  fonn  does 
the  mfluence  of  treatment  afford  eTidence  of  the  relation  to  eyphilis. 
In  the  second,  sclerotic  yarietj  it  does  not  appear  that  treatment  has 
any  power  to  modify  the  morbid  process,  and  in  the  first  it  ie  evident 
that  any  cicatricial  process  that  could  be  induced  would  only  maintain 
the  damage  to  the  nerre-elements,  which  would  suffer  further  from  the 
niEin^ined  or  renewed  compression  under  the  prolonged  contraction 
of  the  enclosing  tiasue.     Yet  the  occurrence  of  these  forma  in  the 


fia.  106. 


Fio.  107, 


FlO.  106.— Chronic  myeliHi.  (After  Charcot  nnd  G{)lDbaal^)  B,  pection 
■t  the  level  of  the  tikird  dorsal,  hIiowb  botb  the  post^^rior  oolumns  und  wlkole 
of  left  ii*lf  iiiflaraed,  except  tlie  inner  part  of  the  imterior  column.  Tbe 
affected  purt  wna  g^ny  and  miiforui  in  iispecti  vaacuUirp  aud  Bnnor  limn 
nonnnL  Pia  mat«r  and  arachnoid  thickened,  A,  section  from  cerviral 
enUrtjetDCUt*  showing  6«<'ondnry  de$;caeratioti  in  the  poit^-mid.  oolamui. 
Siutibir  foci  eiJBtfd  in  thf  poiH,  iti:.* 

Fto.  107. — Gliromciclcrotic  nivc litis,  (After  Troisier,)  A.p'»8tHrior  view 
of  the  nlfeeted  part,  lower  dorsal  re^^ign.  The  dbeHied  Brews  were  grey  in 
aspect^  and  are  inillcuted  by  shading,  B«  middle  of  lesion,  abowing  ext«)]- 
M\ve  dmnagre  ;  C*  2|  cm.  higher  np,  sli^^bber  damage  ^  D,  cervical  rtgion 
itcending  de^eneratioUi  post.*iDed,  cob.,  itnd  a  spot  of  diKt>&itt*  la  i^itcnil 
columti  (probnbly  part  of  the  &$c{!t»difig  anl.-lat.  tract,  secondarily  dcge- 
Derated).     £*  lower  purl  of  Iciiiou,     (Set:  next  flgure»)t 


•  The  patient  had  hsid  ly phi Hs  twenty -oite  year*  befare.  The  spinal  Bjfmptotni 
slowly  developed  during  flfteeti  moQths,  nnd  con«i.<Led  in  pitrnlyiiis  with  byper- 
oesthusia  on  tbe  left  side,  with  lost  of  seusihility  witlmnt  parfilynii  in  the  rig'litr  ^^^ 
»  hand  of  HDcesihesift  tn  pain  aronnd  the  thomx  ut  the  level  of  the  lesion,  but  the 
mental  dolncss  of  the  patitnt  prt-ventcd  Mccnriite  observntioii  ilnring  the  last  few 
months  of  her  life.  (Cliarcot  and  Qombaalt,  'Arch,  do  Phys./  1873»  rol.  vi, 
p.  143,) 

t  The  patient  was  a  woi^an  (brty  years  of  age.  The  stymptninR  slowly  deirelnped 
during  the  three  )e&rs  before  denth,  and  conaisted  of  wiakiieas  with  rigidity  in  the 
left  leg,  and  impttirnicnt  of  ■enaibiliiy  in  tbe  right,.  11  r«t  of  tha  temperuturt*  seu^e 
i&d  afterwards  of  touch.  (No  observationa  were  made  oa  sensibility  for  tbe  h<st 
6(%eeii  months  of  the  patient's  life,  dttring  which  the  lesion  wan  slowly  progr^aJB;?,) 
('» misier,  •  Arch,  de  Phyi»iologie,'  1873,  vol  t,  p.  716.  Case  a.) 
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pression,  invar7n"Hl\  .ar^Mi^&  m^^  ^^  ciTCumilaBOM 

that  results  from  proH"««  '^"   __^,^,  i*»yjjraa,  make  this  caiuatioii 

Another  series  oi  cit*- 
giving  rise  to  local  lu*-  '*'""  ^  w^  sipearances  Tary  much  in 

the  most  influouLuu  jt-  "  **'  ^^  ^  liaease  ia  reTealed  to  the 
to  it  is  usujilly  abSuc-^'^  ~"  ^^  ^fleeted  part,  in  which  the 

at  the  periphery,  Ix-n.*****—  *^  .m.   :»  grey  matter  darker  than 

extends  into  the  suu:.'  -  "  "  jb  jt  aaes  of  long  duration,  io 
irregular  extent  and  i». -■  ""^  ^^^^  ^  the  affected  part,  and  its 
the  membranes.     Tin--  ^  ^y^  axrolve  its  entire  thickness, 

often  co-opcnitcs  uiiii  -  ,^^7^     ^r  any  be  the  most  conspicuous 

to  be  indopcntl«.'nt.    ii*       ~  ^  mrfice,  even  through  the  piii 

of  chronic  myelitis  lii..  "~^  ^  ip,:c  if  the  disease  reaches  the 
solely  to  the  excitiiui.,  .-  """^^»  ^AreiiMd  area  may  be  lessened  or 
trifling  and  trail sieuL  i.i*  ^^^   aete  it  a  slight  increaae  in  the 

and  often  profound  eii<  ~ '  ^^^^  rw.'oxded  cases  in  which  a  great 
also  complir-ates  many  t-  "  ^^^  ^  ^^  probable  that  an  infiltrating 
cause,  in  wliich  the  eiie*  •    *  sffazunation.    When  there  is  one 

extent  those  of  the  04jui-r>  "^  ^^  .^^x  be  other  slighter  foci  in  the 
vent  the  recognition  ui  t.  "**•"  "^^  ^  »•  diffuse "  form  the  diseased 
were,  in  those  of  the  d  ii.:    "  ^^j^H^rable  extent  of  the  cord ;  they 

The  gouty  dial  In.- sis  lo    '"^  \  ^-^^  diffuse,  or  may  remain,  in  point 
onlv  1  •..•ginning  to  rtaiifte  *w^    "*      ,^^  that  their  effects  blend  in  what 
and  how  frequently  iuUm.  ^  "     ^  nms  it  maybe  found,  postmortem, 
tliis  is  a  common  cau)>u  f^i^^         a«HMe  when  nothing  in  the  dhancter 
and  in  mucous  momLraji'-    "^^  ^  .^  inseminated  lesion. 
among  its  fllVcts.     Manv    **  "    ^^^  .j^  ^^  rule  in  the  chronic  form,  an«l 
instructive  to  note  thai..  **     ^^^^ni^tion  ia  much  more  rare  than  is 
of  intianimation  of   tUu  n**"         ^j^  disease.      In  the  secondary  form 
|.r«>grossivt'  forms  of  cLr'-M  '    _  j^ianed  to  the  neighbourhood  of  the 
analogy  should  be  not^d  -"^^    ^    That  which  is  secondary  to  menin- 
of  perineuritis,  of  which  '^'^jlogtaral  part  of  the  cord,  but  sometimes 
prt^l.able  that  many  cafic-  ^^^^  ^  cause  of  the  meningitis  is  one, 
I'lvsont    mystorious    in    i**^.  ^^  q{  giving  rise  to  myelitis.     In  this 
rharaoter  tlioy  sometimes  ^*5*^^»w»  of  the  cord  may  be  involved  (cf. 
intluonoe  of   inherited  r/.r^**   ^^^m  ^rhen  there  is  no  primary  menin- 
an.-ilou'ous   intlaniniation   ■•*'  ^^i^ooid  are  chiefly  damaged,  a  form  that 
ins!an««'.  in  the  oj-tie  neiv.-*^^  j|y^/£^  qj  annular  scleroBiB,  because 
An.'thtT  cause  of  eh r< tn "  ^  ,;^aHHmd  the  cord.    This  form  of  lesion 
t.  rnis  that  av.«  ai^parently  '^^J^Ti^itiiiiea  merely  an  ascending  degene- 
intt-rstiiial  inflaniniati<.»u,  ^"^^L^i  ■orfaoe,  «>^"*^  degenerate  above  the 
now  format i'-n  of  tissue  a^' ^^ 

}><>th  proo  s»  >  exiLiKiinu'  :  ||^  to  the  limited  use  of  the  term 

similar  dama;^v  exists.     X)>'  ^  shows  that  the  inflammation   is 

pnsenis  s-n.'^  liistol-j;    i!  jHtod  areas  always  stain  deeply  with 

, .  >ses.      J    A  f.»^al  vviv  .  1^ increase  in  their  connective-tissue 

a  Fi^'   l<  »*'.  ^^  lli^^ll  lii^j*  -  |g^  a  dense  fibrous  reticulum,  in  which 
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few  nerve-elements  csn  be  diacoTered,  as  in  Fig.  108.  In  less  affect  d 
parts  of  the  white  coluuius  there  is  an  irregular  increase  of  tlie 
interstitial  tissue,  partly  fibrLllated,  parti/  amorphous,  or  studded  with 
nuclei  (Fig.  108,  upper  small  fi>?ure)  ;  while  in  other  parts  it  maj  contain 
many  nucleated  cells,  oval,  fusiform,  or  stellate.  The  large  stellate 
*' epider  cells"  are  8om(?times  very  conspicuous,  and  interstitial 
fibrous  tracts  may  be  traced  to  their  ramificationH, 


^fffS?^^. 


Fio.  108.— Chrnnio  icIeTotie  myelitiB,  Mime  cflaa  w  Fig,  107 1  iectiou  near  B, 
reTerted.  Almost  the  vrhole  It^ft  hnlf  of  the  cord  (riKht  in  the  fi^rare)  i> 
dunged  into  Ik  denie  loa^a  of  Klirunkin  crvuiieGtivf*  tissue,  and  the  right  hiklf 
U  be'iDg  invicfed  in  manv  parts  by  tho  BHine  process.  The  upper  *ma>U.  Hgure 
U  from  the  po^t^rtor  colnmti,  hhowiug  n.  tliiekened  vessel  snrrourtded  by  nacleatfd 
tifiiQe*  anion ij^  wliicli  lie  nerve^filbres,  muiiy  of  them  mnch  siualler  Umii  normsii^ 
&nd  fomo  with  swollen  »xi«-c> linden.  The  lower  suaall  figure  ia  from  the  right 
anterior  column  (left  in  %urej ;  the  pin  tnater  is  thirkeued  und  eontaini  inaiiy 
nuclear  eleinenis  J  from  it  thick  tmbecultc  extend  into  the  white  aubatanee  and 
eiiclose  spaces*  from  luuny  ot  which  the  nerve- fibres  hiive  peHthed* 

The  nerve-fibrea  waste  before  the  interstitial  process,  or  undergo 
destructive  changes  from  the  beginning.  They  may  at  first  present 
the  change  by  which  their  myelin  stains  more  deeply  than  normal ; 
afterwards  they  become  narrowed,  and.  the  axis -cylinder  is  often 
irregularly  enlarged.  Ultimately  many  or  all  the  fibres  disappear 
from  the  affected  area.  Here  and  there  the  destruction  of  fibres  may 
l>e  out  of  proportion  to  the  increase  in  the  interstitial  tissue,  so  that 
thickened  and  often  granular  trabeculee  enclose  empty  spaces.  This 
is  seen  in  the  lower  small  illustration  in  Pig.  108  ;  it  is  apparently  the 
result  of  the  participation  of  the  nerve-fibres  in  the  inflammatory 
process  during  a  more  general  stage,  in  which  all  the  elements  of  the 
tissue  wf^rn  involved.  In  the  recent  state,  products  of  de^neration, 
granule   corpuscles,    &c.,    may    be  found  abundantly  in  the  altered 

*  From  »  aeciion  by  Prof.  Pierret„  kindly  leat  me  hy  Dr.  Dresehfeld. 
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qH^  i^B^'Hr  a€  tte  Tessels  are    thickened,  and  bj  this 

fe»  a^tfitM*  q£  the  arterieB  may  be  ultimatelj  lessened; 

>.4^    A    ^mnJJmr  -iun  TBUkj  eTen  be   closed.     Not    onlj   it  the 

««»  uv  uk*  .M.«i«i-4«i»  TihMtatted>  bat  around  them  the  increase  of  inter- 

.  ..j^  :wHiM  ««i^  odiitt  gwmter  than  elsewhere,  so  that  the  appearance  is 

«.  ^  t&  J%1  v^Nikl  thence  into  the  adjacent  structures.    Undue  signi- 

>:*a%»  ^^4M  Nhw  ;tf  tachad  to  this  condition,  espedallj  in  old  patients 

•  ..u    ^wMhA^    ie»^*u«>ratioii ;  it  has  been  regarded  as  eyidence  that 

.  v4  uikk  inKjAi^  ii«i4»  up  the  mjelitis,  but  it  is  a  common  appearance  in 

■^'iui*.ji  ciuMoio  mjrelitis,  and  also  in  the  later  stages  of  acute 

.i.wx>uAU»>tu     U  ift  pfobablj  due  to  the  greater  acti^itj  of  the  process 

.   .uf  .^uuui^>iiaM  ▼leimtT  uf  the  Tessels,  and  to  the  share  taken  bj 

s^.«ivU.  ^«^uvox;,^t«*  itt  the  formation  of  new  interstitial  tissue.    The 

.   .^'uviiu  ruUNTiM^  morvoTer,  occupy  tracts  of  neuroglial  and  fibrous 

vN  .^  {«4\A.u.>iinte  ftvm  the  pia  mater,  and  the  increase  of  interstitial 

.s>.^v'  .&  «.ouuoci«d  with  these ;  some  of  it  is,  on  this  account,  found 

;    ow  ^  i^'iuiu  ol  th»  arteries. 

'  '.i    Uo  );iy«   substance  there  is  a  similar  increase  of  conneddye- 

A.x^*  x^cuiciiiSk  90  that  the  altered  part  takes  a  deeper  stain  with 

.:mjuuc  '^iUhu  t-hid  uoruial  grey  substance,  and  has  a  denser  structure. 

va^  i^  k;(cut«r  amount  of  supporting  tissue.     The  nerveuelements 

\\v';ug  .^uvt>hicd ;  the  ganglion-cells,  at  first  swollen  and  rounder, 

■.Vft^«u\ii^   >lii-iuk,    until  ultimately  they  may  be  reduced  to  small 

.^vilsu  UsiUv*.  Aud  they  even  may  disappear.    The  nuclear  corpuscles 

\  .;v  ;W  vNUiUiU  ctuial  are  often  increased  in  quantity,  and  the  canal 

•.  .*  ,.».vU,  ^ui  I  hi*  wndition  is  so  common  in  otherwise  normal  cords 

.».    »s'   '.uj'x-iiaMv'^  can  be  attached  to  it.    A  considerable  increase  of 

^-  .  N„i  'Uc  vx^utral  canal,  closing  it  below  and  causing  it  to  be 

.4.,vl    i.vvo    i.b'^N'    109,   "syringomyelia"),   has  been  ascribed  to 

.,.».s:   uiUuumiiiK'u  around  the  canal,  but  the  abnormal  tissue  is 

,  's»  »;^\   »:\*av*  \>i  gliomatous  nature,  consisting  of  a  development 

.,.„K*  :A.ki,  i«  iu  congenital  excess,  owing  to  an  arrest  of  develop- 

■X-  -..i^  lujkiw  is  greatly  thickened    over  the    inflamed  parts,  as 

•y..;\  ^Lfcii-U,  iUid  in  some  cases  the  affection  of  the  membrane  is 
^».!!,  v-iJl  y^t  ^f  the  cord  most  intense  beneath  it— a  condition 
.,.^v      v:>u»iwc  moiiingo-myelitis."     It  is  this  form  that  is  shown  iu 

■^  *Ci>.  Iho  Uavts  of  new  tissue  that  pass  into  the  cord  are  dense 
,  /u      \*  alivady  mentioned,  this  change  may  be  accompanie<l 

.  ,  ^^^-vi  wul  Jkviuoliinos  a  more  diffuse  inflammation,  as  in  a,  Fip. 
i5^  .»  ^^.cil  **ho  tiffoctiou  of  the  cord  is  greater  and  that  of  the  mem- 
^v*-'«**<  "-•*>*»  in  ».  The  chronic  myelitis  that  occurs  in  syphilitic 
^f^^'**^  lMV*wnt  no  specific  characters.     In  some  cases,  however. 

.,i^i»K»*WittWfc  has  been  abundant,  and  has  been  associated  with  a 
^>^  .^  '.sy^*  dej^wration  in  the  older  portions  of  the  lesion,  and 
T^^t^*^  dw^iuierating  hyperplastic  inflammation  of  the  pia 
2^  Uta^^iMJWtttt  iS'  however,  clearly  one  of  chronic  inflamma- 
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r    lien,  and  not  of  &  ijpluliiic  growtli.*    NeTertheless  an  actual  growth 
does  •ometimeB  co-exist  with  a  focus  of  sjpbilitic  myelitis ;  tt  is  pro- 


ViO,  100. — Cbronic  mcmngo-myeUti*,  due  to  alcoholinni.  SjHDfro-mjdia, 
eoiif«niUl,  witb  eentra)  ^fHoniKUiBii.  A,  lowett  pnrt  of  ci?rvlc4<I  enlaige- 
»«a«  J  pirn  iDktfT  tbick«iiMl,  ftcd  from  it  tmct«  of  tiMue  citcnd  into  the 
•evd.  l*b«  fcntkivT  i>*rt  of  tbe  ftection  b  tbe  tei«t  of  a  diffiue  mjelitia, 
in  wkirb  ihB  Dcnref^bres  coald  be  t^n  witb  tiifficnlcj,  and  were  tepa* 
ntltd  by  inflftcnmniorv  prixiuft^^  Tb^  greT  matter  wu  also  affected, 
aftd  Um  Btf  ■»  flUle  much  elmtif^.  The  claar  tpnc«»  in  the  Huht  ant. 
^eroi)  ep7>e>red  occupivd  bj  producta  of  d«tfcneratiuii.  Central  canal 
IT'  "  Hid  fturri^unde'l  by  new  growtli.  which  in  B  (lti«ub«r  eeo- 

t  itetl  the  eanal  und  ihoa  canned  ira  dilittatlon  abore.     In 

tint  •*-ctiou  t>f  myetiii«  it  ehieHjr  peripheral,  and  the  grey  matter  hAn, 
for  ibe  mcmt  part,  ricap«'d. 

hMt  llbftfc  tn  roch  oaaet  the  growth  la  asoallj  the  primary  change, 
l!1ai  BH^  be  dlBtinguiBhed  by  the  tndicationi  of  oompreaaioD  and 
daptMOiitiii  of  the  adjacent  elements  of  the  oord,  a  oondition  which 
thow9  that  there  is  an  actual  new  formation. 

Thtt  more  recent  the  inflammation,  the  larger  in  the  proportion  of 
nudei  in  the  interstitial  tissue;  the  longer  it  has  existed, 

aoy'»  ilo«p.  Beporta,*  i»71,  nod  Cbareot  aad  aoiubaalt^ 'Arch. 
1873. 
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the  greater  i&  the  amount  of  fibrillation  it  presents.  The  rery 
indurating  forms  are  sometimes  called  ''  sclerotic  myelitis/*  or  "focul 
sclerosis  of  the  cord."  From  the  various  areas  of  inflammation  secon- 
dary degenerations  proeeed,  ascending  or  descending,  and  these  mnj 
compli<2ate  the  aspect  of  the  disease — a  fact  which  hta  not  always  been 
sufficiently  considered  in  interpreting  the  morbid  appearances. 

SraiPTOMS, — The  symptoms  of  chronic  myelitis  vary  much  aooording 
to  the  charaoti*r  of  the  morbid  process.  For  the  most  part  they  cor- 
respond in  character  to  those  that  are  produced  by  acute  in  flam  ma^ 
tion,  differing,  howerer,  in  their  mode  of  onset.  It  is  therefore  not 
necessary  to  repeat  them  in  detail.  Different  cases  may  manifest 
almost  every  symptom  that  can  l>e  produced  by  disease  of  the  spinal 
cord  There  may  be  various  motor  and  sensory  paralyses,  contrac- 
tures, and  even  muscular  atrophy,  but  thtnr  common  feature  is  their 
gradual,  and  often  Buocossive  development.  In  the  most  common  form, 
focal  myelitis  of  the  dorsal  region,  partial  or  transverse,  the  symptoms 
are  paniplegic.  They  differ  but  little  whether  there  is  a  single  area 
of  disease,  or  whether  several  foci  near  together  implicate  adjacent 
structures.  Motor  power  is  usually  impaired  far  more  than,  sensi- 
bility. Subjective  sensations  are  often  prominent  and  early  symptoms, 
whether  there  is  anBesthosia  or  not» — tingling,  **  pins  and  needles"  in 
the  legs,  a  sensation  as  if  fur  or  wool  covered  the  skin,  sometimes  with 
dull  pain  in  the  legs  and  back,  especially  after  exertion,  and  commonly 
also  with  a  well-marked  girdle  pain  at  the  level  of  the  chief  lesion. 
Some  loss  of  sensibility,  partial  in  kind  or  in  seat,  will  often  be  found 
if  carefully  searched  for,  but  there  is  not  often  absolute  loss  of  sensa- 
tion except  in  the  rare  cases  of  intense  local  sclerotic  myelitis,  by 
which  conduction  may  be  arrested  as  completely  as  by  a  growth. 
The  onset  of  the  motor  weakness  is  gradual ;  many  months  may  pass 
before  the  power  of  walking  is  considerably  impaired.  As  the  lega 
get  weak,  excess  of  reflex  action  is  developed  (unless  the  reflex  struc- 
tures are  damaged).  The  knee- jerk  is  increased ;  foot-clonus  occurs 
when  the  legs  are  in  certain  positions ;  and  a  tendency  to  spasm 
gradually  develops,  and  increases  to  the  condition  typi<ial  of  "spastio 
paraplegia. "  The  sphincters  frequently  share  the  impairment  of 
vulutitiiry  power.  Co-ordination  of  movement  is  sometimes  affected, 
usuiilly  manifested  as  general  unsteadiness,  and  defect  of  equilibrium, 
rather  than  as  pure  ataxy. 

The  symptoms  may  come  on  simultaneously  in  the  two  legs,  or  one 
may  be  affected  before  the  other,  and  occasionally  the  paralysis  reaches 
a  high  degree  in  one  leg  while  the  other  still  possesses  fair  strength. 
When  one  half  of  the  cord  is  affectoii  almost  alone  (as  in  the  lesion 
shown  in  Fig.  109),  there  may  even  be  a  crossed  paralysis  of  motion 
and  sensation. 

Chronic  poUo-myelUit  is  often  regarded  as  a  distinct  variety^  but 
much  confusion  has  arisen  from  the  fact  If  chronic  myelitis  de- 
velops in  the  cervical  and  lumbar  enlargt-ment,  muscular  T^iisting  is 
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uiuaJly  added  to  tbe  other  ajnipioiiiB*  Similax  atrophy  occurs  oIbo 
in  the  widely  diffused  fona  of  cli route  myelitis,  in  whicli  almost  all 
parta  of  the  cord  suffer,  and  it  may,  indeed,  be  the  most  conspicuoua 
symptom.  It  Is  always  irregular  in  distribution  in  these  cases,  and  it 
may  be  coiubined  with  other  symptoms,  palsy  and  anaesthesia,  also 
irregcQ&r  in  extent  and  seat  The  maacular  wasting  varies  in  the 
rapidi"ty  of  the  development^  according  to  the  character  of  tbe  inflam- 
mation, and  there  are  corresponding  variations  in  the  relations  to  it  of 
the  loss  of  power  in  the  muscles,  and  also  in  the  electrical  reactions 
they  present.  In  very  chronic  cases  there  is  a  slow  failure  of  electrical 
irritability  to  both  currents  ;  in  others  of  more  rapid  t-tmrse  the  Toltaic 
irritability  persists  longer  than  the  faradic  irritability,  and  there 
may  be  a  distinct  degeneratiye  reaction.  The  syraptoms  may  com- 
mence in  the  arms  or  in  the  legs,  but  they  ultimati^ly  become  general 
in  most  cases,  and,  according  to  the  place  of  their  commencement, 
may  seem  to  have  an  ascending  or  descending  course.  Occasionally 
the  disease  begins  in  the  dorsal  region,  and  after  a  time,  perhap.i 
years,  it  spreads  to  the  enlargements,  and  the  muscular  wasting  is 
added. 

The  course  of  chronic  myelitis  is  usually  slow  and  progressive.  The 
8ymptom&  often  increase  so  gradually  as  only  to  attain  a  considerable 
degree  at  the  end  of  two  or  three  years.  At  any  stag©  the  progress 
of  the  disease  may  oeaae.  The  chronic  course  may  be  varied  by 
occasional  more  rapid  increase  of  the  symptoaia,  due  to  subacute  or 
even  acute  processes  in  the  diseased  parts.  Every  degree  of  chronicity 
is  met  with,  and  subchronic  cases,  in  which  the  symptoms  develop  in 
the  course  of  a  few  months,  effect  a  gradation  to  the  acute  and  sub- 
acute forms  of  myelitis.  The  dui-ation  of  the  disease  varies  from  six 
months  to  ten  yeai-s  or  more.  Thus  in  one  case  the  symptoms  slowly 
increased  during  about  seven  years,  and  then  became  stationary,  and 
the  patient  died  twenty- three  years  after  the  onset. 

Diagnosis. — The  diagnosis  of  chronic  myelitis  rests  on  the  slow  deve- 
lopment of  symptoms  indicating  a  random  process  in  the  spinal  cord, 
i.  6.  a  process  which  damages  irregularly  structures  of  various  functions, 
and  thus  cannot  be  looked  on  as  a  "  system  disease."  The  maladies 
from  which  it  has  to  be  distinguished  differ  according  to  the  seat  and 
character  of  the  inflammation.  Dorsal  transverse  or  focal  myelitis 
may  be  confounded  with  compression  of  the  cord,  with  a  tumour  in  it, 
and  with  primary  lateral  sclerosis.  The  distinction  from  pressure 
rests  on  the  absence  of  a  cause  of  compression,  such  as  bone  disease. 
— especially  the  absence  of  the  signs  of  a  morbid  process  outsido  the 
cord,  preceding  those  of  damage  to  the  cord  itself,  e.  g.  the  pains 
that  indicate  irritation  of  nerve-roots,  A  tumour  within  the  spinal 
cord  also  causes,  in  most  cases,  more  irritation  of  the  root-fibres  than 
does  chronic  myelitifl.  If  myelitis  involves  one  half  of  the  cord 
much  more  than  the  other,  the  symptoms  may  closely  resemble  those 
of  an  intra-medullaiy  growth.     But  a  tumour  never   causes  much 
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damage  to  one  lialf  of  the  cord  witbout  interfering  considerablj  with 
the  fimctionB  of  the  other  half,  and  the  symptoms  in  chronic  myelitis 
may  be  strictly  unilateral.  The  dietinction  from  primary  spastic 
paraplegia,  the  so-called  *'  primary  lateral  sclerosis/'  in  often  one  of 
some  dilficnlty.  The  motor  state  of  the  legs  may  be  identical  in  the  two 
diseases ;  in  each  there  is  the  same  extensor  spasm,  and  in  each  I  here 
is  a  slow,  gradual,  and  apparently  simultaneous  onset  of  the  weakness 
and  spasm.  The  distinction  is  that  in  primary  spastic  paraplegia  the 
symptoms  are  purely  motor;  there  is  no  indication  that  the  lesion 
extends  beyond  the  motor  structures.  In  chronic  myelitis,  on  the 
other  hand^  there  is  such  indication,  either  by  the  im]»airment  of 
sensation,  or  by  the  presence  of  a  girdle  pain.  This  distinction  is 
sufficient  in  the  majority  of  cases.  The  distinction  from  insular 
sclerosis  is  in  many  cases  difficult.  By  Oppenheim  and  others, 
indeed,  it  is  asserted  that  most  cases  described  as  chronic  myelitis 
are  really  cases  of  disseminated  sclerosis.  The  presence  of  cerebral  or 
bulbar  symptoms  would  naturally  suggest  such  a  diagnosis  in  a  giveu 
case.  But  in  insular  sclerosis  any  yery  obrious  afEeciion  of  sensation 
is  unusual. 

The  form  that  involves  the  grey  matter  has  to  be  distinguished 
chiefly  from  pachymL^uingitis  and  degenerative  muscular  atrophy. 
In  pachjrmeniugitiH  the  muscular  wasting  may  be  similar,  but 
anaesthesia  is  usually  much  more  considerable  in  range  and  in  degree, 
and  there  is  more  pain  in  the  limbs.  If  there  are  similar  symptoms 
in  both  arms  and  legs,  myelitis  b  far  more  probable  than  pachy- 
meningitis, since  the  chronic  iiiEammation  of  the  membranes  is  less 
extensive  than  that  of  the  cord.  From  pro<^reasive  muscuLir  atrophy, 
the  chief  difference  is  in  the  random  distribution  of  the  wasting,  the 
absence  of  symmetry,  and  Lndicaiions  of  irregular  damage  to  other 
structures  in  the  cord,  as  the  occurrence  of  pain  and  of  loss  of 
sensation.  But  it  must  be  remembered  that,  by  some  authorities, 
moat  cases  of  chronic  spinal  muscular  atrophy  are  regarded  as  due  to 
chronic  myelitis. 

For  the  distinction  from  other  leas  common  diseases,  the  reader 
must  be  referred  to  the  deHcriptiun  of  them.  Like  all  other  organic 
disca-ses,  cases  without  wasting  of  the  muscles,  occurring  in  females, 
are  often  regarded  as  **  hysterical  paraplegia ; "  the  distinction  rests 
on  the  points  already  described.  It  is,  however,  one  of  the  diseai^es 
in  whi'  h  the  least  excusable  enort  in  diagnosis  occur,  and  in  which 
their  effects  are  often  the  most  diaastrous. 

Prognosis. — Chronic  myelitis  is  a  very  grave  disease,  on  account  of 
the  intractability  of  the  morbid  process,  its  frequently  progressive 
tendency,  and  the  pereistence  of  damage  which  is  slowly  produced. 
But  cases  vary  widely,  especially  in  the  two  former  features,  and  it  is 
&  disease  in  which  general  prognostic  rules  can  scarcely  be  formulated. 
The  observed  tendency  of  an  individual  case  is  alone  a  trustworthy 
guide.    Arrest  of  the  disease  j«  often  obtained,  but  actual  recovery 


OHEONIC    MYELITIS, 


889 


is  rare.  The  prognosis  is  little  affected  by  the  B«at  or  extent  of  the 
process,  except  that  the  implication  of  the  grey  matter  of  the  enlarge- 
ments is  generally  an  unfavorable  indication.  The  severity  of  the 
lesion,  as  shown  by  the  degree  of  the  symptoms,  is  significant  chiefly 
in  cases  of  long  duration,  and  is  subordinate  to  the  course  and  mode 
of  onset.  If  it  can  be  arrested,  the  prospect  of  improvement  is  better 
in  proportion  to  the  slowness  with  which  the  disease  has  developed  and 
the  shortness  of  The  time  the  symptoms  have  lasted.  In  general,  more- 
over, the  prospect  is  better,  the  fewer  the  foci  of  inflammation,  in  males 
than  in  females,  and  in  cases  of  uniform  than  in  those  of  recurrent  or 
relapsing  course.  Preceding  syphilis  does  not  materially  modify  the 
prognosis ;  hence  the  great  importance  of  the  diagnosis  from  syphilitic 
growth,  in  which  suitable  treatment  has  a  most  certain  effect.  The 
ultimate  danger  to  life  is  least  in  focal  myelitis  in  the  dorsal  region  ; 
it  is  g^reatest  in  the  disseminated  form,  especially  in  the  less  chronic 
cases  with  a  tendency  to  sloughing  of  the  skin,  and  in  the  more 
chronic  forms  with  muscular  wasting.  The  indications  drawn  from 
the  invasion  of  the  respiratory  muscles,  and  from  the  presence  of  any 
of  the  complications  that  so  often  terminate  life,  are  the  satae  as  in 
other  diseases  of  th<'  cord, 

Tesathent. — The  first  and  most  important  measure  k  the  improve- 
ment of  the  general  health,  by  rest,  change  of  air,  and  tonics.  All 
causes  of  physical  and  mental  depression  must,  as  far  as  possible^  be 
removed.  Over- exertion,  and  even  fatigue,  should  be  avoided,  and 
the  patient  should  be  kept,  as  far  as  possible,  from  exposure  to  cold. 
Absolute  rest  for  a  short  time  is  often  useful  at  the  outset  of  the 
treatment,  especially  when  there  has  been  a  somewhat  rapid  develop- 
ment of  symptoms.  In  c^see  of  purely  chronic  course  absolute  rest 
should  not  be  maintained  for  more  than  a  few  weeks,  or  the  patient 
may  find  it  hard  to  regain  his  former  muscular  power.  Counter- 
irritation  at  the  situation  of  the  disease  is  often  useful,  and  most  so  in 
cases  in  which  there  is  spinal  pain  or  tenderness.  Repeated  sinapisms 
or  blisters  may  be  employed,  but  a  mild  form  of  the  actual  cautery  is 
on  the  whole  the  most  useful,  A  superficial  bum  or  even  slight 
vesication  is  sufficient  on  each  side  of  tLe  spine  opposite  the  afEected 
part,  and  it  is  best  effected  by  means  of  the  Pa<^uelin  cautery.  It 
should  be  repeated  as  soon  as  the  skin  has  healed,  and  if  linear 
cauterisation  is  adopted  the  fresh  line  can  be  made  beside  tho  old  one. 
A  hot  douche  to  the  back,  at  a  temperatoire  of  108°  or  lO^""  F.,  applied 
daily,  has  been  strongly  recommended  by  Brown- S^quard.  Warm 
brine  baths,  and  various  thermal  mineral  waters,  have  been  also  said 
to  do  good.  A  sea  voyage  is  often  of  service,  combining  as  it  does 
the  maximum  of  fresh  air  with  the  minimum  necessity  for  exeition 
I>rug8,  unfortunately,  often  fail  to  influence  the  morbid  process,  but 
nevertheless  they  are  occasionally  useful,  so  as  distinctly  to  justify  their 
careful  trial  in  most  cases ;  and  it  is  important  to  remember  that  those 
that  are  useless  in  one  stage  or  period  of  the  disease  may  yet  be  of 
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imquestional>le  service  at  an  oilier  stage.  Tonics,  m  quinine  and  iroiiti 
fihould  be  given  if  indicated.  Most  of  the  meaaures  recommeiidedl, 
and  precautions  advised,  in  the  treatment  of  acute  myelitie  areij 
needed  in  the  chronic  form,  and  it  is  therefore  superfluous  to  repeal 
them.  Th'^se  drugs  that  most  deserve  a  trial  are  arsenic,  smj 
doses  of  mercury  (such  as  /^  gr.  of  the  red  iodide),  and  iodide  of 
iron.  Energetic  mercurial  treatment  rarely  does  good,  even  when  the 
patient  has  had  syphilis,  and  sometimes  it  does  harm.  Iodide  of 
potassium  seems  to  have  little  influence  on  the  disease.  Nitrate 
of  silver,  ergot,  and  phosphorus  have  been  recommended.  Strychnia 
is  chiefly  useful  in  cases  in  which  there  is  muscular  wasting,  but  ifl 
of  far  less  value  than  in  the  deg-enerative  muscular  atrophy.  The 
treatment  of  other  symptoms  is  that  suitable  in  primary  spastic 
]>arapl€gia  or  progressive  muscular  atrophy,  and  described  in  the 
account  of  those  diseases. 


COMPBESSION  OF  THE  SPIKAL  COED* 


Cumpression  of  the  spinal  cord  is  a  common  consequence  of  varioui 
morbid  processes.  Inflammation  is  almost  always  excited  by  the 
pressure,  and  ioterference  with  function  occurs,  partly  from  the 
pressure  and  partly  from  the  resulting  myelitis*  The  symptomg  pro- 
tluoed  have,  in  different  cases,  many  characters  in  common,  although 
tliey  vary  according  to  the  meolianism  of  the  compression  and  the 
aouteness  of  the  inflammation.  It  ii  only  when  there  are  indications 
tliatan  acute  myelitis  has  damaged  the  nerve-elements  that  we  are 
justatied  in  regarding  the  interference  with  function  as  an  efl'ect  of 
ihe  iiifiamraatiou. 

Oaukes. — The  morbid  processes  that  may  comprese  the  cord  are 
those  1  hiii  involve  an  encroachment  on,  or  occupy  part  of,  the  vertebral 
CftiHtL  The  chief  are  the  following: — Disease  of  the  bones  of  the 
Npiiial  column,  eBpecially  caries;  growths  in  the  spine;  aneurism 
ri^wlmg  tho  bones  and  then  compressing  the  cord;  growths  in  the 
inpmbraiieBj  thickening  of  the  dura  mater.  These  processes  have 
wsunlly  only  a  small  vertical  extent,  and  the  pressure  they  exert  rarely 
extemiii  over  more  than  a  tew  inches. 

I'AtiioLonTCiLL  AnATOBiT.—The  cord  usually  presents  evidence  of 
the  ixHUpremiion  it  has  endured  in  considerable  narrowing  at  the  epot, 
wkuire  It  may  be  indented  and  flattened,  or  cylindrical.  Sometimee 
the  rtHluetioii  in  size  is  extreme  ;  for  an  inch  or  so  the  cord  may  be 
iiiHtu-^d  to  one  iliiJd  of  its  normal  diameter,  and  it  has  even  been 
fimnil  iu>  thickier  tiian  a  crow-quill      An  example   of  flattening   is 
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%hcwD.  m  Tig.  110.  On  tlie  otber  hand, 
there  is  sometimes  tqtj  little  narrowing 
to  be  discerned.  At  the  compreBsed  part 
the  cord  is  uaually  red  in  tint  if  the  com- 
pressio  1  is  recent,  but  grey  if  it  has  lasted 
for  BOAie  time  ;  its  consistence  is  les^si  lU'tl  in 
early  caseSj  and  inerea.KoJ  in  those  of  hmg 
duration.  The  change  in  colour  and  con- 
sistence Ib  due  to  the  inSammatlon  of  the 
substance  of  the  cord  which  always  results 
from  pressiire,  and  may  often  be  traced  for 
Bome  distance  above  and  below  the  com- 
pressed part.  When  there  is  much  com- 
pression there  is  alwajs  iimch  inflammation, 
but  considerable  myelitis  may  occur  when 
the  amount  of  compression  is  alight.  The 
inflammation  may  be  chronic  and  slow, 
developing  in  proportion  to  the  pressure,  or 
it  may  be  subacute  or  acute,  eyen  when  the 
pressure  is  gradual.  TLe  signs  of  inflam- 
mation are  very  distinct  un  miL*roHi.*upical 
sxamination*  and  resemble  those  in  other 
forms  of  myelitis.  There  is  a  general  in- 
crea-ae  in  the  interstitial  tis-ue;  in  this,  at 
first,  rarious  eel  I- form  a  may  be  fuimd,  but 
it  ultimately  presents  the  api^eai-ance  of  a 
dense  reticulum.  The  nerve -elements  un- 
dergo degeneration,  and  abundant  masses 
of  myelin,  granul**  corpuscles,  mid  corpora 
aravlacea  are  vieible  in  the  fresh  stale  or 
in  glycerine  preparations  of  the  hardened 
cord  (Fig.  Ill,  c).  Many  nerve- fibres  per- 
sist, however,  with  a  narrowed  yhrath  of 


FiO.  110, — Compri»«»inn  of  tl>e  tpina!  cord  «nd  pren- 
lure-tiiyelitiii,  in  u  ca^e  r>f  ctri'S  of  th«  •pine.  [), 
mill-dnraal  rcgioiij  umr  the  chief  point  of  ^Teare^t. 
comprfsaion ;  the  conl  Im  uarrowed  from  before 
biickwHrdji,  Mnd  ii  tinifonnly  dnmrngett  hv  ftirlriin- 
niAtioD,  to  that  the  ^r*  y  swh-tiinct»  can  tamnu  ly  be 
dUtingui*hed.  C,  1|  iuc:hi^9  bi^ht-r  up,  »buw8  a, 
•li^htfr  de^ee  or  myeHtii,  titt11«xtendi,itgttiri.<ut^h 
tht  whole  Cbiokue«>  of  the  ortrd^  B,  llrMt  dor»iil ;  the  mjelitlR  ii  m\wh  slifhter 
ftud  ibe  chief  diieasc  i»  in  the  p>»»terior  rotuiDiiB,  rn  whicit  M«ti«uiiin^  lit^geutration 
OCCQjiies  the  ;»oflt.-miM!mn  raluumn  and  extends  oiitwrnrdi  intu  t)\^  |.io«C.-6xt«rniil 
colamtiti.  E,  H  inchei  litdow  the  point  of  g  rent  est  pressure ;  influmuiHtion  ■till 
(•^tending  thiuugn  all  thr  elemeuU  of  the  i-ord,  F.  3  inchei  lower  dovrn,  ihowt 
only  dcacendiog  dojjenfrntinn  in  the  pjramidul  tmct*,  anterior  Hud  Int. ml,  and 
nUo  lh»'  **  comma*  Hlniiied '*  ck'^cfiKling  dfjrtMit  ration  iti  the  untmor  purt  of  the 
poit.'VtteniRl  {Nilnmn.  In  G,  Mt  the  Jnw*«t  part  of  the  dor«al  r«'t?ion,  the  cominft- 
•b&|)ed  de|^eii«ration  bu«  ceMHed,  Hnd  oidv  that  of  the  pjramidal  tract*  remaini* 
(From  preparations  by  Dr.  ¥,  G.  l\<Dro«e.) 
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myelin,  and  it  is  probable  that  these  regain  the  power  of  oondxicting, 
in  spite  of  the  persistence  of  considerable^  and  even  dense  sclerotiB  in 
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Fro.  111. — PrpsHure-myelifcisj  portionn  of  the  aeotioti  D  hi  Fig.  110  ixi<:»rt 
highly  niH^mfiod.  A,  from  the  grey  matter,  nmuerousi  anguUr  cud 
faHifunti  Ctitla;  veiBels  with  walls  tbicketied  by  a  growth  of  ctjlls,  n&r- 
rowitig-  tlm  cavitvj  which  in  a<*ine  i*  (iblit«'rttti?rl.  H,  from  the  white 
coliitnti'i  *  thiekeiiini:  of  the  iuterHtttial  tiAaiio^  iiervc-fihreB  m  p&rt 
dtfstroyetlj  in  purb  ii&rrowi>d;  a  vessel  wklj.  thick etieti  walla.  C.  gl^'cerina 
preparation  fnim  whibt>  suh^tanco  ;  iibuuilunt  product*  of  degeaeratioa 
of  the  nenre-fibren,  in  p^vt  figg^r^'gatod  into  granule  in&Bsee.  i\  tection 
of  a  tierve-rwit  pasflin?  by  L-ompreMed  areH  j  increase  of  interuthial 
tlaii«,  many  nerve-filir.s  imrrfnved,  some  with  BwoUt;n  Hm-cvliiidert. 

the  part.  In  extreme  ctiaes  all  the  fibres  seem  to  be  destroyed  at  the 
point  of  chief  compression,  but  there  ia  never  an  actual  division  of  the 
cord  itself.  The  grey  matter  can  scarcely  be  distiu^'-iiishcd  from  the 
white,  even  with  the  microscope,  and  the  ganglion-cells  become 
shnmken  and  atrophied  The  walls  of  the  small  vessels  are  oft<»n 
thickened  by  spiiidle-cells,  disposed  more  or  less  conceutricallv  to  the 
cavity,  which  is  eacroaclKsl  upon  and  may  be  obliterated  (Fig.  Ill,  a,  b), 
a  process  that  must  add  to  the  degree  of  damage  to  the  cord.  The 
signs  of  iuthunmation  graduailj  lessen  above  and  below  the  compressed 
Ijart,  but  often  extend  for  some  inches  in  each  direction.  Beyond  it«i 
limits  the  usiisl  ascending  and  descending  degenerations  thelj  be 
traced  (Fig.  110).  The  nerve-roots  passing  by  the  se^t  of  compression 
suffer  from  the  pressure,  and  from  interstitial  inilammation  excited 
in  them.  Tlioy  are  usually  groy  in  tint  aud  nlttmately  waste,  and  may 
even  be  reduced  to  fibrous  threads.  The  microscope  sbowa  increase  of 
the  interstitial  tissue,  wasting  of  mauy  nerve-fibres  (Fig.  Ill,  D)^  and 
enlargement  of  some  axis-oyiinders. 
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SnrpTOMs.— The  effects  Tary  much  according  to  the  degree  of 
preaaitre,  its  rapidity,  ita  direction,  the  amount  and  character  of  the 
inflammation  produced,  the  amount  of  damage  to  the  nerve-roots, 
and  the  position  of  the  disease.  The  symptoma  in  most  cases  enable 
the  fact  of  slow  compression  to  be  inferred,  even  when  there  is  no 
indication  of  the  cause.  They  are  of  two  classes:  (1)  interference 
with  the  function  of  the  nerve-roots  at  the  level  of  the  morbid  process ; 
(2)  interference  with  the  functions  of  the  cord  itself.  The  cord 
symptoms  consist  chiefly  in  impaired  conduction,  miinifested  in  the 
pajts  below  the  lesion.  The  central  functions  of  the  cord  (reflex 
action,  &c.)  at  the  level  of  the  lesion  are  abolished  by  the  pressure,  but 
the  symptoms  of  this  abolition  are  often  lost  in  those  of  the  damage 
to  the  nerve-roots. 

Of  the  root  symptoms  the  most  constant  is  pain,  extending  along 
the  course  of  the  nerve-fibres,  and  throu;^h  the  area  of  their  distribu- 
tion. The  seat  of  these  puins  depends  on  the  pusitioa  of  the  disease ; 
they  may  be  felt  in  the  arms,  around  the  thorax  or  abdomen,  or  in 
the  legs.  They  are  usually  sharp  pains^  resembling  neuralgia  in 
character,  sometimes  accompanieii  by  tender  points.  Occasionally, 
when  felt  in  the  limbs,  they  are  referred  especially  to  the  joints.  The 
pain  may  be  intermitting  or  constant.  It  may  even  be  absent,  as  in  a 
case  of  aneurism  of  the  arch  of  the  aorta  already  referred  to.  It  may 
exist  alone  for  a  long  time,  in  a  disease  that  increases  slowly,  and 
sometimes  may  bo  the  only  symptom,  although  some  compression  of 
the  cord  occurs,  With  it  there  is  usually  hypersesthesia  of  the  skin, 
often  intense.  After  a  time  ansesthesia  develops  in  irregular  areas, 
in  spite  of  the  persistence  of  the  pain,— the  condition  termed 
**  anssfiihefia  dolorosa."  Irritation  of  the  motor  nerve-roots  may  cause 
jaieful  contracture  of  the  musclHS,  but  this  is,  on  the  whole,  rare,  and 
the  chief  motor  symptoms  are  due  to  the  interruption  of  the  fibres — 
muscular  weakness,  gradual  in  onset,  and  accompanied  by  wasting. 
The  rapidity  of  the  atrophy  varies  much,  and  with  it  the  electrical 
reaction.  When  alow,  there  may  be  merely  a  progresaive  diminution 
in  irritability  to  faradism  and  voltaism  ;  when  rapid,  there  ia  often  the 
degenerative  reaction,  and  sometimes  the  **  mixed  form,"  from  the 
partial  damage  to  the  fibres  that  supply  a  muscle. 

Tliese  Jocal  root  symptoms  are  usually  the  first,  and  to  them  are 
added,  after  a  time,  the  indications  of  intei-ference  with  the  function 
of  the  cord  itself.  There  is  weakness  in  the  parts  sopidied  from  the 
cord  below  the  lesion.  The  loss  of  power  is  usually  gradual,  but 
sometimes  comes  on  rapidly,  even  in  the  course  of  a  few  hours,  when 
an  acute  myelitis  is  set  up  by  the  compression.  With  the  weakness 
there  is  a  marked  and  early  increase  in  the  superficial  reflex  action, 
more  constantly  conspicuous  than  in  most  other  diseases  of  the  cord, 
and  therefore  of  some  diagnostic  importance.  The  myotattc  irrita- 
bility is  also  increased,  a  foot-clonus  being  almost  always  present. 
Pahis  in  the  legs  may  occur,  even  when  the  disease  is  above   the 
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lumbar  enlargement,  usually  dull  and  aohia^.  Tbew  fa  ^ito 
tion  and  tin>,'linj?.  There  may  he  no  impairnumt  fd  wmmbHitj  m  tb 
parts  below  the  lesion,  even  when  there  ii  complete  motor  pday;  ii 
many  cases,  however,  there  is  some  sensory  lotMS,  conipli>l«  oiilf  whra 
the  spinal  lesion  is  very  severe.  Conductioh  of  painful  imprrui^ii.* 
may  be  delayed,  sometimes  tor  thirty  or  even  forty  aeoonda.  Wbea 
the  pressure  is  lateral,  one  leg  may  be  first  and  most  alCeo<#d»  hoi  ihi 
other  side  is  nsnaOy  soon  iuvolved*  since  neither  the  luechAaical  etfKl 
nor  the  inflammation  remain  limited  to  one  tide  of  tbe  eofd.  Tbs 
sphincters  are  often  af[(X*ted.  The  tendency  to  tbe  fonnattoii  of  M' 
sores  is  rarely  great,  unlcssa  the  lumbar  enlargement  i*  fompiMwd  flf 
myelitis  descends  into  it. 

The  course  of  the  symptoms  varies  according  to  thAt  of  tfa«ir  *«— i 
When  an  aonte  mjclititj  has  been  set  up,  improvoinont  ituty  ooev  frr 
a  time  even  if  the  cause  of  pressure  is  slowly  progreasire.    This  is  tmi 
also  of  root  symptoms  when   they  are   rapidly  developed.     If  Ik 
compreflt«ion  ceases  to  increase,  the  cord  may  reeorer  its 
function,  although  it  remains  narrowe«l.     Sensation  is  often 
in  the  legs  when  motion  remains  absent,  but  both  mutton  mad 
may  be  regained  although  the  narrowing  of  tlie  oord  peniflto.     It  ki 
even  been  found  no  larger  than  a  goose-qoill  at  the  comprsMed  spoi 
although  the  parapk;;La  had  parsed  away.     In  sack  a  eaje  maar 
narrowe^l  nerve-fibres  are  found  in   the  section  of  tba  oomp  v^U 
portion,  and  it  is  probable  that  many  axis-cylinders  pertkt.  With  ii 
envelope  of  myelin  so  narrow  as  to  be  recognised  with  difficnlty,  bet 
wlidch  HuMces  for  their  eoudueting  function.    Under  alow  pr^ssmf  tk 
axis-cylinders  may  not  suffer  interruption,  although  the  myalia  dj»* 
appears,     Eegeneration  of  axis-cylinders,  as  in  th«  |i«i|ibaiml  acffW 
is  also  possible.  In  some  cases,  especially  when  a  ocmidermbk  myditif 
ha«  been  set  up,  the  motor  path  may  recover,  but  the  posterior  txilniiBl 
remain  atfected,  so  that  power  returns*  but  without  co^^tdinatiOD,-* 
"  secondary  ataxy  "  resulting. 

The  DiAOKOsis  of  slow  compression  rests  on  tho  root  and  OOid 
symptoms  already  described,  and  especially  <m    their 
with  a  cause  of  compression.     Of  the  former,  the  sensory 
are  the  most  characteristic.     In  manj  oases  other   ipdicatioM  d 
the  compressing  diaea«e  assist  the  diagnoda.  These  vary  in  chanekr; 
the  most  frequeut   is   considerable  local  tenderness   of    the  spina 
If  root  symptoms  are  absent  the  diagnosis  is  much  mor^  difioiit 
unless  the   morbid   process   manifests    itself   externally.      If    tkn 
is  a  suspicion  of  comprrssion  in  a  case  of  slow  paraplegia,  an  Mdj  lad 
considerable  excess  of  8U[M:TfieiaI  reflex  action  givet  additional  WMhi 
to  the  suspicion.    Even  without  any  other  symptoms  to  indicitt«  oom* 
pression,  this  is  suggested  by  symptoms  which  begin  on  one  side  and 
gradually  spread  to  the  other. 

The  olxief  disease  from  which  cutnpression  of  the  spinal  oord  has 
to  be  distinguished  is  a  subacute  or  subchronic  transT^^trse  myeliba 
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Besides  the  indicationB  of  a  cause  of  compression  already  mentioned, 
the  diief  distinction  depends  on  the  presence  of  aymptoms  indicating 
irritation  of  the  nerre-rootB,  and  eepedallj  on  the  fact  that  these  ajm- 
toms  precede  those  of  the  lesion  of  the  spiaal  cord  itself.  Although 
a  Tery  chronic  myelitis  is  occaflionally  attended  by  much  irritation  of 
the  nerve-roots,  the  symptoms  of  this  succeed,  instead  of  preceding, 
the  dauiage  to  the  cord,  and  the  course  of  chronic  myelitis  is  often 
much  slower  tlian  is  that  of  moat  furms  of  sl^w  compreBsioD.  The 
distinction  from  a  growth  within  the  spinal  cord  rests  chiefly  on  the 
early  occurrence  of  impairment  of  the  cetitral  and  conducting  func» 
tions  of  the  cord,  and  also  on  the  partial  distribution,  and  often  slower 
course,  of  the  symptoms.  The  effects  of  an  intra-medullary  growth 
rary  widely  in  different  cases,  and  if  there  is  an  early  irritation  of  root- 
fibres,  the  distinction  may  have  to  depend  on  the  presence  or  absence 
of  the  signs  of  an  external  compressing  process. 

The  diagnosis  of  the  cause  of  compression  is  often  much  more 
difficult  than  that  of  its  occurrence  The  facta  that  the  patient  m  in 
the  first  half  of  life,  aud  that  he  inherits  a  tubercular  tendency^  suggest 
caries.  Slight  ness  of  root  symptoms  is  also  in  favour  of  caries  or  a 
tumour  within  the  spinal  cord ;  the  presence  of  these  symptoms  dues  not, 
however,  render  raries  less  likely,  unless  the  paio  is  extremely  severe 
and  is  greatly  increased  by  movement, — characters  that  should  always 
su^iest  a  gi'owth  in  the  bones  of  the  spine.  Boot  aymptoms  extending 
OTer  a  considerable  vertical  area  surest  pachymeningitis.  Additional 
details  of  the  differential  diagnosis  will  be  found  in  the  account  of  the 
several  uompressing  diseases. 

PaoGNoeis  AND  Tkkatment. — Tlie  prognosis  depends  on  the  cause, 
and  the  amenability  of  this  to  treatment.  As  a  general  rale,  however, 
the  more  rapidly  the  cord  symptoms  develop,  the  more  chance  there 
18  of  improvement,  bec^iuse  the  greater  share  does  inflammation  take 
in  their  prod  ruction.  The  treatment  is  that  of  the  cause  of  the  com- 
prtssion,  and  that  of  myelitis. 


r 


ANTERIOR    POLIO-MYELITIS  J    ATROPHIC    SPINAL 
PARALYSIS. 


In  certain  diseases  of  the  spinal  cord,  wasting  of  the  muscles  is  a 
prominent  aymiitom.  In  these  the  lesion  involves,  eiclusively  or  in 
pjui;,  the  anterior  grey  comua,  and  the  muscular  atrophy  depends  on 
the  destruction  of  the  nerre-cella,  from  which  the  motor  Derve-fibres 
protreed,  and  on  the  consequent  degeneration  of  the  fibres.  The  mus- 
cular wasting  does  not  depend  on  the  nature  of  the  lesion ;  it  occurs 
equally  whether  the  lu'rve-cells  are  destroyed  by  hjcmorrhage,  by  ia- 
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flammation,  acute  or  cbronic,  bv  bIow  degeneration,  or  by  preserure, 
Bat  the  rapidity  with  which  the  destmction  occurs  influences  the 
charact^^r  of  the  sjDiptom.  Time  is  required  for  the  change  in  the 
nutrition  of  the  muscles ;  one  or  two  weeta  elapse,  even  in  the  most 
acute  cases,  before  wasting'  is  distinct.  The  nerre'CeUs  also  form 
pajt  of  the  voluntary  raotar  \Kith,  and  their  disease  at  once  interrupt* 
this ;  hence,  in  acute  cases,  |>aralyBis  is  rivpidly  deTcloped.  and  the 
atrophy  succeeds  it  after  an  interval.  In  chronic  lesions,  on  the  other 
hand,  the  changes  in  the  cells  and  muscles  procuress  bo  slowly  that  the 
weakness  and  wasting  appear  to  come  on  together.  The  wasting  may 
even  seem  to  precede  the  weakneas,  but  a  careful  exaTnination  will 
show  that  power  is  defective  as  soon  as  there  is  distint^t  atrophy.  It 
is  customary  to  separate  the  two  groups  by  terming  those  in  which  the 
palsy  precedes  wasting,  "atrophic  spinal  paralysis;"  and  those  in 
which  wasting  is  apparently  simultaneouB  with  weaknesB,  **  spina) 
muscular  atrophy." 

The  atrophic  paralyses  are  due  to  an  acute  or  aubacut-e  process  ir 
the  anterior  cornua.  The  lesion  is  probably,  in  most  cases,  inflamma- 
tory in  character,  a  cornual  myehtis,  or  "polio -myelitis"  (Kussmaiil). 
In  some  cases,  which  differ  chiefly  in  the  suddenness  of  the  onset,  it  is 
probable  that  the  lesion  is  heemorrhape  and  not  inflammation. 

The  chronic  atrophies  are  due  to  a  slow  degeneration  of  the  cells  and 
fibres.  Between  the  two  forms,  however,  we  meet  with  others  of  inter- 
mediate course,  subacute  or  sulx-hroiiic,  due  to  processes  of  correspond- 
ing character, — ^usually  inflammation. 


< 


Acute  Atkophio  Pabixtsib  ;  Acute  Ai^teriob  PoLio-irTBLmi.' 

Infattiih  PaTdltfgis ;  Essenfial  FaralyMis  of  Children* 

Acute  atrophic  pai-alysis  is  a  disease  in  which  voluntary  power  is 
lost  in  the  course  of  a  few  hours  or  days,  and  in  which  some  of  the 
paralysed  muscles  underj^^o  rapid  wasting  while  others  recover.  The 
onset  of  the  palsy  is  oftt'u  preceded  or  accompanied  by  indications  of 
general  disturbance.  The  musclea  which  waste  usually  remain  weak, 
and  contraction  of  their  oiJ|>oiiente  may  lead  to  permanent  distortion 
of  the  pamlysed  limbs.  Although  it  is  usually  a  form  of  acute 
myelitis,  its  characters  and  coui-sa  are  sutHciontly  special  to  make  its 
separate  consideration  desinible.  The  disease  is  the  most  common 
form  of  paralysis  in  young  children,  and  has  hence  received  the  name 
of  "  iufantiL.'  paralysis  "  Before  anything  was  known  of  the  lesion  on 
which  it  depends,  it  received  (from  Eilliet  and  Btirthez)  tJie  unmean- 
ing designation  of  the  **  essential  paralysis  of  children,"  a  term  that  is 
falling  into  merited  disuse.  The  spinal  lesion  was  first  demonstrated 
by  Prevost  (1865),  and  soon  afterwards  by  Lockbart  Clarke  and  by 
(Charcot  and  Jofifroy.  Its  constancy  has  been  abundantly  proved  by 
numerous  observaLions  during  the  last  thirty  years.     The  oocurrenoeof 
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Bimilar  iymptoms  in  adults  was  noted  bj  Vogt  (1858)  and  Duchenne 
(1864). 

ETioLoaT, — The  disease  occure  at  all  ages,  but  is  ten  times  as 
frequent  in  the  Erst  det*ade  as  in  all  the  rest  of  life.  It  is,  nioreoTer, 
especially  a  disease  of  later  infancy.  Of  the  cases  in  early  life, 
three  fifths  occur  in  the  first  three  years  of  lif".  nearly  one  fifth  in 
each  year.  The  numbers  in  each  successive  year  (of  214*  cases  of 
which  I  have  notes)  were — in  the  first  54»  the  second  58,  third  39, 
fourth  17,  fifth  23,  aiith  8,  seventh  4,  eighth  6,  ninth  5.  Of  the 
cases  that  begin  during  the  first  year,  nearly  all  begin  in  the  seco»d 
six  months ;  the  earliest  of  the  series  occurred  at  two  months,  but 
one  at  the  twelfth  day  is  described  by  Duchenne.  The  friends  often 
date  the  disease  from  birth,  but  there  is  no  real  evidence  of  its  intra- 
uterine development,  After  childhood  it  is  most  frequent  between 
ten  and  twenty,  and  very  i-are  over  forty.  One  case,  however, 
occurred  at  sixty-three.  Many  supposed  subacute  cases  in.  adults 
hAve  been  examples  of  multiple  neuritis. 

In  childhood  the  two  seies  suffer  nearly  equally  (males  133.  fi-malea 
103,  in  236  cases),  but  after  ten  the  maladj  is  uluioat  confined  to  the 
male  sex.  The  influence  of  heredity  is  small,  but  a  family  tendency  to 
suffer  may  now  and  then  be  traced ;  two  and  even  three  brothers  or 
sisters  have  been  affected  (Seeligruiiller,  &c.).  One  of  my  own  patients 
had  a  sister,  and  another  two  co^isinSj  affected  with  the  same  disease. 
When  more  members  of  a  family  than  one  ai^e  affected,  they  usuallv 
suffer  simultaneously.  The  iuhtfrited  tendency  may  be  indirect;  of 
a  patient  in  whom  the  disease  came  on  in  adidt  life,  two  brothers  had 
suffered  from  hemiplegia  and  an  uncle  from  paraplegia. 

The  disease  presents  a  remarkable  relation  to  season,  occurring  far 
more  frequently  in  summer  than  in  winter,  Sinkler,  who  first  called 
attention  to  the  fact,  found  that  in  Philadelphia  four  fifths  of  the 
cases  commenced  in  the  five  hot  months,  May  to  8eiit(^ml>er.  In  this 
country  the  relation  is  equally  apparent ;  three  quarters  of  the  eaycs 
occur  during  the  hottest  third  of  the  year,  June  to  September,  The 
distribution  of  160  cases  was  as  follows  :^3  occui*rt'd  in  January, 
5  in  February,  in  April  2,  May  3,  June  22,  July  32,  August  8^, 
September  25,  October  IS,  November  8,  December  8.  In  many  cases 
the  weather  was  very  hot  at  the  time ;  in  some,  however,  the  disease 
came  on  in  cooler  weather  after  a  hot  period.  It  would  therefore 
seem  that  the  heat  generally  acts  as  a  remote  cause,  and  is  only 
occasionally  concerned  directly  in  the  exciting  mechanism.  The  fact  is 
the  more  important  because  cold  has  long  been  regarded  as  the  most 
potent  exciting  cause.  That  exposure  to  cold  is  an  occasional  cause  is 
certain,  although  the  nimiber  of  cases  in  which  it  can  be  traced  is  not 
large ;  and  it  is  usually  a  general  and  not  a  local  exposure,  and  has  not 
often  been  immediately  preceded  by  exposure  to  heat.     Exceptions  are 

•  uf  these  214  CMea  116  were  fteetj  tkud  avialyaed  by  Sir  W.  Go»*(jr», uud  98  by 
Dr.  Jftinet  Ta^Iot.    They  include  both  hiiiapiuil  wnX  private  uacex. 
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oHeflj  met  with  in  adults.    Thus  one  patient,  agf>d  oixteeii.  when 

IK^rspiriag  from  a,  long  rid©  after  the  hounds  on  a  hot  day  in  September, 
lay  down  on  a  aofa  beneath  an  oijen  window  from  which  a  draught 
blew  on  his  back.  Two  daja  afterwards  tlie  first  symptoms  com- 
menced. In  another  case  the  onset  foUowed  a  day  on  a  steamer  in 
cold,  wet  weather^  preceded  by  much  paddling  in  the  sea  during 
extreme  heat.  I  hare  seyeral  times  known  the  disease  to  be  d  ue  1 1 
sitting  on  damp  ^asa.  Two  or  three  days  is  the  interval  which  usually 
elapses  between  the  exposm*e  to  cold  and  the  onset  of  the  symptoms, 
but  great  variations  are  met  witK  and  the  constitutional  dLiturbaiioe 
may  commenoe  within  twenty-four  hours  of  the  exposure. 

Over-exertion  in  walking  seems  occasionally  to  aid  in  exciting  th  * 
disease ;  in  some  causes  the  child  has  walked  far  more  than  was  proper 
the  day  before  the  onset,  and  in  others  habitual  over-exertion  has  been 
permitted.  A  traumatic  influence,  such  aa  a  fall,  occasionally  j>rc 
cedes  the  onset  in  such  a  way  as  to  make  its  influence  probable. 
Thus,  in  one  severe  case,  a  boy  eight  years  old  was  thrown  over  the 
head  of  a  donkey,  and  the  onset  occxirred  five  days  al'.orwards.  A 
girl  of  four  fell  off  a  chair,  striking  her  head,  and  was  stimned  for  a 
moment ;  two  days  later  she  was  sick  and  feverish ;  the  temperature 
(101°)  continued  raised  till  the  sixth  day.  when  general  loss  of  power 
was  fouud»  and  the  residuttl  state  was  atrophic  palsy  of  both  legs  an*^! 
the  right  deltoid.  The  cases  following  falls  and  over-eiL-rtion  present 
the  same  relation  to  season  as  do  the  rest. 

There  is  no  proof  of  any  relation  between  the  disease  and  the 
process  of  dentition  The  period  of  dentition  coincides  with  the  rapid 
lunctional  development  of  the  nervous  system  which  succeeds  its 
structural  development  in  th©  first  few  months  of  life.  Moreover 
this  period  is  often  one  of  deterioration  of  health,  in  consequenoa  of 
changes  of  diet  and  other  causes.  The  disease  occurs  before  and 
after  the  period  of  teething,  and  it  exhibits  no  increase  in  frequency 
at  the  period  of  the  second  dentition. 

Many  children  are  perfectly  well  at  the  time  when  the  disease 
occurs.  A  few  are  in  conspicuously  defective  health.  Thus  in  one 
ease  the  child  had  been  rendered  feeble  by  long-continued  diarrhoea. 
I  have  only  once  seen  the  disease  in  the  subject  of  inherited  syphilis. 
It  has  been  thou^'ht  to  be  occasionally  secondary  to  acute  febrile 
diseases,  but  the  frequency  of  the  relation  has  been  unquestionably 
overrated ;  in  some  supposed  eases  in  adults  there  lias  been  multiple 
neuritis  only,  and  in  children  initial  general  distvu*b^i,nc^  is  constantly 
mi  stale  en  for  an  independent  general  disease,  and  the  opinion  is  often 
maintained  after  the  discovery  of  the  paralysis,  which  is  then  sup- 
posed to  be  of  secondary  origin.  Thus  in  one  case  initial  pyrexia, 
headiiche,  and  vomiting  were  supposed  to  indicate  scarlet  fever, 
Paralysis  of  all  four  limbs  came  on,  with  difficulty  in  swallowing,  and 
the  latter  was  supposed  to  render  certain  the  diagnosis  of  scarlet 
fever,  although  there  was  no  mvc  throat  or  rash.     In  older  childrt'u 
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id  adults  the  disease  is  often  tkoti^'lit  to  be  secondary  to  rliemnatiG 
fver,  m  consequence  of  tlie  rheumatoid  character  of  the  pains.  The 
error  ia  the  more  likely  to  occur  if  the  symptoms  folltjw  exposure  to 
cold*  It  is  conceivable  that  catarrhal  affections  may  be  produced  by 
the  exj)osure  to  cold  ivhich  induces  tbt*  disease ;  but  of  the  214  cases 
referred  to  above,  not  one  was  related  to  any  acute  specific  diseaae, 
or  to  rheumatic  fever.  Chrome  alcoholism  has  been  thought  to  be 
a  cause  in  adults,  but  it  is  probable  that  most  cases  supposed  to  be 
due  to  this  influence  have  been  instances  of  multiple  neuritis. 

Stmftoms. — The  general  characters  of  the  symptonis  have  been 
already  mentioned— an  acute  onset,  often  with  constitutional  disturb- 
ance ;  paralysis,  at  first  wide-spread,  afterwards  passing  away,  eice]3t 
from  a  region  in  which  the  muscles  rapidly  atrophy,  and  in  whit^h, 
although  partial  recovery  uuiy  occur,  moreur  less  weakness  and  wasting 
persist. 

The  general  disturbance,  which  is  apparently  due  to  a  morbid 
bloo<l-Btate,  may  be  severe  or  slight.  In  most  cases  there  is  pyrexia, 
with  its  usual  aocompanimeuts,  he^idache,  prostration,  loss  of  appe- 
tite, restlessness.  Vomiting  is  very  C/ommon,  and  often  causes  the 
illness  to  be  mis  taken  for  stomach  disturbance.  Occasionally  there 
is  also  diarrhoea.  These  symptoms  of  general  disturbance  usually 
last  for  a  few  days,  sometimes  for  only  a  few  hours,  and  they  are 
i-K3casionally,  but  not  often,  absent.  The  palsy  develops  in  most  cases 
in  the  course  of  this  disturbance.  A  common  history  is  for  a  child 
to  seem  ill  and  feverish,  to  be  put  to  bt*d,  and  the  next  morning  to 
be  found  to  have  lost  pt>wer.  In  other  cases  the  febrile  disturbance 
lasts  for  several  days  1  Juf ore  the  paralysis  comes  on.  But  the  relation 
of  the  general  disturbance  to  the  onset  of  the  paratysis  presents 
great  variations,  which  appear  (fjoni  a  comparison  of  cases)  to  be 
independent  of  any  variations  ia,  or  8p<'cial  features  of,  the  spinal 
symptoms.  The  constitutional  symptoms  occasionally  succeed  tlie 
onset.  Thus  a  child,  well  one  day,  was  found  next  luorning  to  have 
both  legs  paralysed,  and  was  feverish  and  sick ;  the  general  disturb- 
ance continued  for  a  week.  The  elevation  of  temperature  is  usually 
iBoderate  in  degree ;  an  example  of  its  character,  in  what  may  be 
.e^rded  as  a  fairly  typical  case,  is  that  of  a  child  whose  tempera- 
ture on  the  second  day  of  illness  was  101*2**;  on  the  third,  101°;  the 
fourth  (on  which  the  palsy  developed),  100°;  the  fifth,  99-5**;  the 
»ixth.  98°.  It  is  usually,  as  in  this  case,  highest  at  the  commencement, 
and  Bornetimes  reaches  103°,  104°,  or  even  in  rare  cases  105°.  The 
constitutional  symptoms  are  present  in  most  of  the  cases  in  which  a 
fall  appears  to  excite  the  disease,  and  are  of  the  usual  elmracter  ;  they 
are  as  marked  in  the  caseH  that  appear  to  be  spontaneous  as  in  those 
that  follow  eTXKJsure  to  cold. 

Cc»i3Tul8i*ins  occasionally  attend  the  onset,  chiefly  in  young  children. 
In  S'une  instances.  mor*»nvf?r.  the  iDitial  symptoms  are  those  of  severe 
cerebral  disturbance.     Thus  on<i  child  had  repeated  general  convul- 


400 


BPINAL    COED. 


siona  during  thirty  hours,  and  afterwards  was  in  a  state  of  deep  coma 
for  thirtj-six  hours,  the  temperaturts  at  the  oEset  being  106''.  This 
was  succeeded  by  slighter  pyrexia  and  prostration  for  three  weeks, 
and  it  was  only  at  the  end  of  that  time  that  general  loss  of  power  was 
found  to  have  come  on.  The  arms  recoven^d,  but  atrophic  palsy  per- 
sisted in  the  legs.  In  another  case,  a  child  of  seven  months  became 
ill,  febrile  (1028°)  and  coma,tose  with  pin-point  pupils -,  it  remained 
in  that  state  for  four  or  five  days,  and  then  gradually  recovered,  but 
T\ith  genoral  powerlessness,  rigidity  of  the  legs,  and  tendemesa  of 
legs  and  back.  The  rigidity  and  pain  passed  away,  but  the  right 
deltoid  and,  to  a  less  degree,  the  biceps  and  triceps,  and  the  whole  of 
the  right  leg  remained  paralysed,  and  presented  characteristic 
atrophy.  In  adults  there  is  sometimes  marked  somnolence  before  the 
onset,  and  occasionally  slight  cerebral  symptoms,  such  as  diplopia, 
giddiness,  or  (very  eeldum)  delirium.  A  mediad  student  found,  one 
day,  that  he  saw  double ;  on  the  next  day  he  felt  giddy,  and  became 
feverish  (1<J2°)  j  he  slept  for  forty-eight  hours,  and  on  the  fourth  dav 
found  his  right  arm  was  weak;  atrophy  of  the  deltoid,  &,c.,  followed. 
The  cerebral  symptoms  usually  pass  away  together  with  the  indica- 
tions of  general  disturbance,  and  hence  are  probably  due  to  the  bluod- 
stafje,  but  occasionally  slight  facial  weakness  has  persisted  for  several 
weeks.  In  rare  cases  the  onset  is  accompanied  by  symptomB  of 
slight  transient  spinal  meningitis,  which  must  bo  regard^  as  a 
coincident  effect  of  the  cause,  since  the  membranes  may  be  affected 
early.  Thus  a  chOd,  after  being  feverish  and  vomiting  for  two  days, 
became  universally  rigid,  so  that  strychnine  poisoning  was  thought  of. 
The  rigidity  passed  away  two  days  later,  when  the  right  arm  and  leg 
were  found  to  be  paralysed.  Another  child  presented  aU  the  sym- 
ptoms of  spinal  meningitis  a  week  after  the  onset  of  paralysiB  of  the 
itrm,  and  as  they  passed  off  the  leg  also  was  found  affected.  When 
the  general  illness  is  severe,  the  paralvais  is  often  not  discovered  for 
some  time,  especially  in  a  child ;  the  immobility  of  paralysis  is  often 
mistaken  for  the  inertia  of  prostration. 

In  older  children  and  adults  another  common  initial  symptom  is 
the  pain  already  mentioned,  sometimes  referred  to  the  muscles,  some- 
times to  the  limbs  generally,  occasionally  to  the  course  of  the  nerves. 
It  is  often  absent,  but  may  be  very  severe  and  accompanied  by  extreme 
tenderness  of  the  limbs.  In  such  cases  the  pain  may  be  snpfK-Jsed  t^j 
be  in  the  joints,  because  it  is  produced  by  moving  them,  when  it  ia 
really  in  the  nerves,  which  are  mechanically  disturbed  by  the  move- 
ment of  the  joints.  In  these  cases  there  is  neuritis,  which  may  oome 
on  at  the  same  time  as  the  pal^sy,  although  indejwndcnt  of  it.  The 
joints  themselves  may  be  the  seat  of  pain,  and,  when  the  exposure  to 
cold  has  been  severe,  inflammation  of  one  or  more  joints  has  been 
known  to  come  on  soon  after  the  onset*  Pain  may  be  felt  also  in  the 
back,  usually  dull  and  aching.  It  may  ba  severe,  especially  when  there 
are  gjmptoms  of  spinal  meningitis.    Instead  cf  being  initial,  pain  m 


4 


ACUTB   ATKOPHIG  PAEALYBIfl. 


401 


I 


the  limbs  may  succeed  the  onset  of  paralysis,  and  it  occasionally  con- 
tinues for  several  weeks,  eflpecially  when  seated  in  the  nerve -trunks. 
In  some  cases  in  whicli  the  onset  and  course  are  characterised  by 
severe  pains,  the  motor  effects  have  entirely  disappeared  in  course  of 
time,  indicating  that  the  condition  was  one  of  neuritis.  Tingling  or 
formication  in  the  limba  may  be  dt^scribed  by  older  patients,  but  sen- 
sation is  seldom  affected,  even  temporarily. 

The  paralysis  is  almost  always  rapidly  developed.  It  varies  much 
in  its  initial  range.  Only  part  of  a  Hmb  may  bo  afiected,  or  there 
may  be  universal  loss  of  power ;  but  in  the  majority  of  cases  the  para- 
lysis  is  intermediate  between  these  extremes.  Two  or  three  limba  are 
affected — both  arms,  both  legs,  or  the  legs  and  one  arm.  When  all 
four  limbs  are  paralysed  the  neck  muscles  alio  may  be  weak,  and  even 
iwaEowing  may  be  impaired.  The  other  muscles  supjjlied  by  the 
cranial  nerves  escape,  as  a  rule,  and  the  sphincters  are  seldom  involved. 
Occasionally  there  is  retention  of  urine,  sometimes  incontinence,  chiefly 
in  severe  cases,  and  it  may  then  last  a  long  time.  For  instance,  a  child 
aged  two  and  a  half  years  woke  up  one  momiiig  with  headache,  fever, 
and  weakness  of  the  legs,  which  rapidly  increased  to  complete  paralysis. 
Four  days  later  the  arms  also  became  weak,  and  in  a  day  or  two  more 
the  urine  escaped  involuntarily.  The  arma  began  to  recover  in  sii 
weeks,  and  were  well  in  sir  months :  both  legs  wasted  and  remained 
permanently  paralysed;  the  incontinence  of  urine  lasted  for  a  year. 
In  anotLer  case,  with  incontincuce  for  a  few  weeks,  the  residual  palsy 
was  in  the  lower  legs.  As  in  these  instances,  ^e  symptom  is  met 
with  chieEy  when  the  lumbar  region  is  diseased. 

The  paralysis  may  commence  in  one  Hmb  and  quickly  spread, 
reaching  its  maximum  extent  in  a  few  hours  to  a  few  days,  but  very 
often  the  actual  onset  is  so  rapid  or  so  escapes  careful  observation  in 
consequence  of  the  general  iUness  that  all  ike  parts  irst  affected  are 
found  to  be  paralysed  when  it  is  discovered.  Occasionally  the  onset 
is  in  two  distinct  stages,  separated  by  a  few  days ;  sometimes  the  loss 
of  power  develops  slowly  in  the  course  of  one  or  even  two  weeks,  in 
c;i^s  that  must  be  regarded  as  '*  subacute,*'  but  do  not  differ  in  other 
respects  from  the  ordinary  form.  Examples  of  the  common  onset  have 
been  already  given ;  as  another,  may  be  mentioned  the  case  of  a  boy, 
aged  a  year  and  four  months,  who  one  day  seemed  01,  was  eick»  and 
was  put  to  bed.  The  next  day  he  could  scarcely  stand  alone ;  on  the 
following  day  he  could  neither  move  the  legs  nor  sit  up  in  bed.  In 
about  ten  days  the  left  leg  began  to  improve^  but  there  was  enduring 
paralysis  and  wasting  of  the  whole  of  the  right,  and  of  the  lower  part 
of  the  left  leg.  In  another  case,  a  child  seemed  111,  and  was  kept  in 
bed  for  five  days ;  on  the  third  day  it  was  noticed  that  the  left  arm 
was  not  moved  so  much  as  the  right,  and  by  the  fifth  day  the  arm  was 
quite  powerless ;  at  the  end  of  a  fortnight  improvement  commenced. 
In  the  adult,  the  mode  of  onset  presents  nearly  the  same  characters. 
A  lady,  twenty- five  yejirs  of  age,  sat  down  for  some  i*nie  on  wet  grass. 
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Two  days  later  general  rheumatic  pains  came  on,  which  were  very  sercre 
in  the  le^  on  the  following  day,  and  the  legs  were  distinctly  weak.  In 
the  course  of  the  next  forty-eight  hours  the  arms  also  became  feeble,  aad 
at  the  end  of  a  week  she  mnld  scarcely  move  her  anna,  ftnd  her  leg« 
were  absolutely  paralysed.  In  a  fortnight  improvement  cc^mmenoed, 
fii^t  in  tl)e  arms  and  then  in  the  feet ;  but  the  hip  and  thigh  muscles 
remained  paralysed  and  rapidly  wasted. 

Coses  are  sometimes  set^n  similar  in  other  respects  to  those  now 
tinder  ooii8idei*ation,  but  in  which  the  paralysis  comes  on  suddenly. 
and  without  genenl  difttiirhance.  Thus  a  child.  age<l  two,  was  walkin;^' 
along,  when  he  suddenly  could  not  atand,  and  fell  down  on  hia  knees ; 
both  legs  were  powerless.  Slow  improvement  followed  in  the  left  leg, 
and  wasting  in  the  right.  The  suldeiiness  of  the  onset  makes  it 
probable  that  the  lesion  is  hajmorrhage,  and  not  simple  inflammation. 
Spinal  hemorrhage  ia  known  to  occur  in  early  childhood.  Hence, 
while  we  must  class  these  with  the  other  acute  spinal  atrophies,  we  are 
not  justilu'd  in  regarding  them  as  cases  of  polio-myelitis,  since  we  do 
not  know  whether  the  haemorrhage  is  secondary  to  commenL-ing  inflam- 
mation or  is  primary.  The  former  ia  probable,  because  the  two  sets  of 
cases  occur  under  the  same  general  conditions  of  onset*  and  hence  they 
cannot  be  separated.  Moreover,  constitutional  disturbance  is  mor^ 
often  absent  in  cases  of  actually  sudden  onset  than  in  others,  although 
it  is  sometimes  considerable.  Thus  a  child  had  bee^  ill  for  two  weeks, 
when,  being  able  to  walk  about,  it  suddenly  fell  to  the  ground;  the 
left  leg  was  found  powerless,  and  the  right  weak.  It  is  probable  that 
a  sudden  onset  ia  more  frec^uent  than  is  suggested  by  the  facts  that 
can  be  itseertained,  since  the  palsy  often  comes  on  during  the  night  or 
during  rest ;  for  inst^ince.  in  one  case  a  child  sat  on  a  chair  for  an 
hour,  when  the  left  leg  was  found  powerless. 

In  some  cases  of  sudden  onset  the  initial  palsy  ia  universal,  and  in 
such  cases  as  the  following  it  is  probable  that  a  limited  hsomorrhage 
in  the  cervical  region  causes  rapid  pressure  on  aU  the  adjacent 
structures,  which  afterwards  recoi^er  from  the  effects  of  the  pressure. 
A  girl,  aged  seventeen,  suddenly  felt  tingling  in  the  left  hand*  In 
a  few  minutes  the  whole  arm  was  powerh-ss,  and  then  the  right  arm 
became  paralysed.  She  had  a  strange  sensation  at  the  back  of  the 
neck,  and  went  upstairs ;  as  she  was  going  up,  her  legs  became  weak, 
first  the  left  and  then  the  right.  In  less  than  half  an  hour  from  the 
time  of  the  first  symptom,  there  was  absolute  universal  paralysis,  with 
difficulty  in  breathing  and  in  swallowing.  Improvement  (in  the 
opposite  order  to  the  onset)  commenced  the  same  evening  and  was 
complete  in  about  six  weeks,  with  the  exception  of  the  muscles  of  the 
left  forearm  and  hand,  which  rapidly  wasted  and  were  permanently 
paralysed  and  atrophied.  Another  girl,  while  walking  across  a  road, 
suddenly  felt  a  "  sort  of  shock  "  as  if  someone  had  given  her  a  knock 
between  the  shoulders*  She  became  giddy,  and  instantly  felt  tingling 
in  both  arroii,  especially  in  the  right,  which  became  weak  before  she 
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had  got  to  the  otter  aide  of  the  road.  Ultimately  the  arm*  recoTered. 
\mt  permiment  paraljaia  and  wasting  of  the  intrinsic  muscles  of  each 
hand  were  left. 

The  initial  loss  of  power  ig  as  a  rule  far  more  extensive  and  seyere 
than  the  permanent  affection;  in  a  small  nnmher  of  cases  the 
two  correspond.  But  the  extent  of  the  earlj  palsy,  that  of  the 
enduring  atrophy,  and  the  relation  between  the  two,  vary  extremely, 
so  that  no  general  or  even  common  laws  can  be  discovered.  Indeed, 
in  all  features  of  the  disease  variability  prevails  to  such  an  extent 
as  to  baffle  attempts  to  describe  them  in  general  terms,  and  a  better 
conception  of  the  malady  can  be  gained  from  such  illustrative  instances 
as  are  here  given  than  from  general  descriptions.  One  general  fact 
is  unfortunately  true  of  aJmost  all  cases,  namely,  that  the  palsy 
scarcely  ever  passes  awa/  entirely,  and  that  where  wasting  occurs, 
wasting  remains. 

After  the  paralysis  has  reached  its  height  and  ceased  to  increase  or 
"spread,  whether  the  point  is  attained  suddenly  or  rapidly  or  slowly, 
it  remains  stationary  for  a  time,  which  varies  from  a  few  days  to  six 
weeks,  and  then  lessens.  The  improvement  occura  first  in  the  parts 
last  aSectifd.  and  gradually  spreads  until,  usually  at  the  end  of 
from  one  to  three  months,  all  pitrta  have  recovered  except  those  which 
are  to  be  pertiiauently  alfected.  In  these  the  muscles  are  toneless  and 
flaccid  from  the  first,  and  in  two  or  three  weeks  there  is  distinct  wast- 
ing, which  rapidly  increases,  until  the  shape  of  the  limb  is  changed, 
and,  in  extreme  cases,  scarcely  any  of  the  volume  of  the  muscle  can 
ultimately  be  detected.  In  fat  children  the  appearance  of  the  limb 
may  be  less  altered,  and  it  seems  that,  in  some  of  these,  an  interstitial 
growth  of  fat  makes  up  for  the  diminution  of  muscular  tissue.  In 
older  children  and  adults  the  muscles  are  often  tender  to  the  touch 
diuing  the  process  of  wasting. 

When  the  atrophy  is  distinct  the  muscles  no  longer  contract  to 
faradism»  and^  if  the  motor  nerves  are  tested,  tbuy  also  wiM  be  found 
to  have  lost  irritability.  The  change  depends  on  degeneration  of 
the  nerves,  and  the  muscles  usually  present  the  '*  dcf^eiierative 
reaction  "  in  its  characteristic  form.  The  loss  of  f aradie  irritability  ia 
distinct,  in  severe  cases,  as  early  as  the  end  of  the  first  week,  and  even 
by  the  fifth  or  sixth  day.  In  a  patient,  for  instance,  who  is  universally, 
and  apparently  uniformly,  paralysed,  one  or  more  groups  of  muscles 
may  be  found  to  have  lost  irritability,  and  in  these  we  know  that  there 
will  be  lasting  paralysis  and  wasting,  while  the  other  parts  will  recover. 
In  a  severe  case,  in  which  the  muscles  most  affected  atrophy  compk^ely, 
the  loss  of  f aradie  irritability  may  be  permanent.  The  voltaic  irrita- 
1/dity  remains,  increased  in  degree,  for  two,  three,  four,  or  six  months, 
then  slowly  falls,  as  the  muscular  fibres  themselves  degenerate,  and 
ultimately,  at  the  end  of  one  or  two  years,  it  disappears.  It  may, 
however,  persist  for  a  long  time,  if  the  fibres  are  stimulated  by  elec- 
tricity,— even  for  three  or  four  years,  although  the  paralysis  remains 


404  SPINAL   COKD. 

absolute.  In  rare  casea,  electrical  irritabilitv  quickly  disappears,  ereu 
to  tlie  Toltaic  current,  from  tlie  destructive  degeneration  of  Uie 
muscular  fibres.  More  commonly,  after  six  or  twelve  months,  some 
faradic  irritability  retuma,  It  may  be  slight,  due  to  the  recovery  of 
a  few  fibres,  insufficient  in  number  to  restore  any  bulk  or  power,  but 
the  new  fibies  which  recover  do  bo  perfectly,  bo  that  the  irritability 
becomes  normal  in  degree,  although  the  contraction  which  can  be  thus 
produced  is  very  slight  in  amount.  In  other  cases  considerable 
recovery  occurs,  so  that  some  power  and  volume  are  regained » 
although  the  muscles  remaui  below  the  normal  size.  In  the  musclos 
which  are  weak  but  do  not  waste  there  is  no  degeneriitive  reaction, 
although  there  may  be  slight  diminution  of  excitability  to  each 
current- 

The  paralysis,  as  a  rule,  is  motor  only.  Sensation  is  impaired  only 
in  extremely  rare  cases  (about  1  in  50),  in  which  inflammation  in  the 
lumbar  region  ia  so  intense  aa  temporarily  to  impair  all  the  conduct- 
ing functiona  of  the  cord.  Thus,  in  a  girl  aged  five,  in  whom  the 
permanent  state  was  a  symmetrical  atrophy  of  all  the  musck'S 
below  the  knees,  with  a  slighter  affection  of  the  thigh-muscles  and 
flexors  of  the  hips,  the  initial  general  loss  of  power  in  the  legs  was 
accompanied,  for  a  few  days,  by  complete  lose  of  sensation  below  the 
kneea.  In  the  similar  but  more  severe  case  of  a  boy,  aged  four,  in 
whom  the  lasting  palsy  was  general  throLii;hout  both  legs,  the  ansBs- 
thesia  continued  for  two  months.  In  many  cases  there  is  a  history  of 
temporarily  disturbed  sensation  attending  the  ons<?t,  probably  the 
result  of  Gedema  around  the  inflammatory  area.  When  sensatioin  is 
lost  there  is  always  incontinence  of  urine. 

Reflex  action  necessarily  ceases  in  the  parts  related  to  the  affected 
musclea.  That  from  the  akin  is  at  first  lost  where  there  is  weakness, 
but  it  returns  with  or  soon  after  the  recovery  of  power  in  the  less 
aftected  parts.  "Where  there  is  persistent  paralyais  it  remains  absent. 
The  myotatic  iiTitability  is  lost  in  the  same  or  even  greater  degree. 
For  instance,  no  knee-jerk  can  be  obtained  if  the  extensors  of  the 
knee  are  affected  even  in  alight  degree.  The  loss  depends  on  the 
interruption  of  the  muscle-reflex  centre  by  the  disease  in  the  grt^j 
matt>er.  In  rare  cases  of  severe  cervical  polio -myelitis,  the  inflaiu 
mation  spreads  beyond  the  grey  matter  to  the  lateral  white  columns  ; 
there  is  wasting  of  the  arms,  but  paralysis  without  wasting  in  the 
legs,  and  in  the  latter  the  myotatic  irritabiUty  may  be  increased 
above  the  normal,  so  that  the  foot-clonus  may  be  obtained.  In  the 
oourse  of  &  few  months,  however,  the  condition  of  the  legs  becomes 
normaL 

A  common  effect  of  the  disease  is  to  retard  the  growth  of  the  bones 
in  the  affected  limb,  so  that  these  gradually  become  shorter  than  their 
feUowB,  and  the  difference  in  size  increases  with  the  amount  of  general 
growth.  Hence,  it  is  greater,  the  younger  the  patient  at  the  onset  of 
the  disease.    If  one  part  of  a  limb  is  more  affected  than  another,  the 
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correaponding  bone  suffers  most  in  growtli.  The  effect  is  Bomeiimea 
considerable,  when  the  atrophj  is  slight.  Seeb'gmtiller  has  described 
the  opposite  effect— an  actual  elongation  of  the  hones,  atlributod 
to  the  fact  that  the  growing  epiphyses  suffer  traction  instead  of  the 
normal  compression,  but  this  is  extremely  rare. 

Those  joints  that  depend  for  their  support  on  tendons  which  pass 
over  them  become  lai  when  the  muscles  are  paralysed,  and  the 
articular  surfaces  may  be  no  longer  kept  together.  Thus  when  the 
dt'ltoid  is  wasted  the  head  of  the  humerus  may  fall  out  of  the  glenoid 
cavity.  The  head  of  the  femur  may  fall  from  its  proper  position  in 
tlie  acetabulum,  and  actual  luxation  may  occur  when  the  paralysis  of 
the  muscles  is  unequal,  and  the  less  affected  unopposed  muscles 
undergo  the  secondary  conti-acture  immediately  to  be  described. 
That  of  the  abductors  and  rotators  may  cause  infra-pubic  dislocation, 
and  that  of  the  adductors  iliac  dislocation  •  I  have  known  the  patellar 
tendon  to  be  greatly  elonga,ted,  from  the  unopposed  action  of  the 
extenaors  of  the  knee,  so  that  their  contraction  caused  the  patella  to 
rise  three  inches  above  its  normal  position. f 

During  the  chronic  stage  of  the  dis^^e  there  is  great  tendency  to 
the  occurrence  of  permanent  shortening  of  muscles,  with  con8e<juent 
diKplacement  of  the  parts  to  which  thoy  are  attached.  Grave  ile- 
formities  are  thus  produced*  It  occurs  only  when  the  several  muscles 
acting  on  a  joint  are  unequally  paralysed ;  the  less  affect-ed  muscles 
are  no  longer  subject  to  the  normal  extension  l^  their  opponents,  and 
hence  gradually  become  contracted,  and  the  contraction  is  fixed  by 
tissue  changes  in  them,  so  that  they  cannot  be  passively  extended- 
It  may  occur  in  muscles  which  are  unaffected,  and  it  is  uncertain  how 
far  it  is  favoured  by  a  slight  degree  of  paralysis.  Posture  also  aids 
the  pruduction  of  those  muscular  contractions,  and  so  also  in  the  ca^e 
of  the  foot  does  the  relative  shortening  of  the  limb. 

Bedsores  are  almost  unknown,  even  in  the  acute  stage  of  the  disease. 
A  slight  local  elevation  of  temperature  in  the  most  affected  parts  has 
been  observed  in  the  early  stage,  but  subsequently  the  effected  limb 
is  colder  than  the  other.  This  is  due,  in  part,  at  least,  to  the  want 
of  the  aid  to  the  circulation  which  is,  in  health,  supplied  by  the 
muscular  action. 

The  persistent  paralysis  may  occupy  the  whole  or  part  of  one  or 
more  limbs.  The  legs  suffer  three  times  as  frequently  as  the  arms; 
the  respe^^tivo  percentage  being 21  and  68.  It  is  less  frequent  for  bt>tli 
legs  or  for  one  arm  to  suffer,  and  still  rarer  combinations  are  those  of 
both  legs  and  one  arm,  of  both  arms,  of  the  arm  on  one  side  and  the 
ileg  on  the  other,  while  the  rarest  of  aU  is  the  affection  of  leg  and  arm 
on  the  same  iride.  The  limbs  on  the  left  side  of  the  body  are  more 
often  permaneatly  affected  than  those  on  the  right ;  the  difference  is 


*  See  Kar«\vfl1clr '  Archtv  f,  klJD,  Cblr.,'  Bd.  xjLZTil. 

f  In  A  c&se  fihown  me  by  Mr.  Hi^tber  Bigg. 
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greater  in  the  leg  than  in  the  arm.     The  left  leg  is  paralysed  alone 
twice  aa  often  as  the  right. 

When  the  paralysis  of  a  limb  is  incomplete^  the  part  involved  vanes 
much  in  different  cases,  and  aa  different  parts  of  two  or  more  limba 
may  be  affected,  the  combinations  of  palsy  which  result  are  extremely 
varied.  The  grouping  of  adjacent  muscles  is  sometimes  distinctly  thi 
of  functional  association ;  often  it  is  random  ;  but  the  moat  frequent 
condition  is  to  have  an  irregular  affection  of  the  muscles  that  are 
assoi^iated  in  the  centre.  While  the  grouping  is  that  of  function, 
some  of  the  musclea  are  only  shghtlj  affected,  and  others  suffer  with 
them  that  are  not  functionally  associated.  In  the  legs,  the  paralysis, 
in  very  severe  and  fortunately  very  rare  cases,  may  be  absolute* 
involving  all  the  muscles  of  both  limbs.  Usually  it  is  partial,  and^ 
then  the  muscles  below  the  knee  suffer  more  often  than  those  above 

the  knee.  The  calf  muscles 
are  affected  less  frequently^j 
or  in  less  degree  than  the 
muscles  in  front  of  the  tibia 
or  the  peronei.  Hence  talipes 
equinus  is  a  common  defor- 
mity,  and  its   occun-ence  is 


L 


Fia.  lis.— Atrophic   Bpinal  pan> 

FlO.    11;^,     u.^.    ....],....     .  i,.;...i     ( ilvait.  ly»i».    affecting  dilefljf   the  c^lf 

Talipea  vftlgUB  in  the  rigbt  leg  from  ))&r&-  tnuscles,  wiih  reftultm^  contrive- 

IjiiH  of  the  anteriur  tibial;  t.  varus  in  the  tioa  of  the  flexori  uf   the   foot, 

kft,  from  par&tyiit  of  ihe  p«roDti.  csuiiug  tiJipes  CMlcnueos. 


aided  by  the  short^niog  of  the  limb*  in  consequence  of  which  the 
foot  has  to  be  extended  to  bring  the  ball  to  the  ground.  Either 
the  tibialis  anticua  or  the  peronei  may  bo  more  affected,  with  the 
result,  in  the  former  caae,  of  talipes  valgus,  in  the  latter  of  talipes 
varus.  In  the  case  shown  in  Fig.  112  the  peronei  have  suffered  most 
in  the  left  leg  and  least  in  the  right,  producing  an  unsymnaetrical  but 
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corresponding  distortion  of  the  feet.  This  affords  an  illustration  of 
another  fact,  namely,  that  when  there  is  a  partial  affection  of  both  legs 
the  paralysis  may  be  unsymmetrical  in 
the  two.  Much  lesa  commonlj  the  calf 
muscles  suffer  more  than  the  of  hers,  aoid 
there  results  ta-lipes  calcaneus,  as  in  the 
case  shown  in  Fig.  113,  and  the  intrinsic 
muscles  of  the  foot  oft^n  suffer  with 
those  of  the  leg.  In  the  thigh,  the  ex- 
tensors of  the  knee  are  a,ffected  more 
frf-quently  than  the  flexors,  and  hence 
flexor  contraction  is  very  common,  and 
may  even  cause  subluxation  of  the  joint. 
Tlie  flexors  of  the  hip  often  suffer, 
generally  with  the  extensors  of  the  knee. 
Less  commonly  the  glutei  are  involved, 
but  never  alone. 

In  the  arm,  almost  all  the  muscles  are 
sometimes  affected,  as  in  the  case  shown 
in  Fig,  114,  but  all  are  seldom  entirely 
paralysed.  The  intrinsic  muscles  of  the 
h&nd  often  suffer;  either  the  thenar 
muscles  or  the  int-erossei  may  be  most 
damaged.  An  instance  of  such  para- 
lysis of  the  interoeaei  is  shown  in 
Fig.  115.  The  forearm  muscles  are 
frequently  affect>ed,  but  the  supinatura 
may  escape  when  the  other  muscles  are 
involved*  The  deltoid  suffers  more  fre- 
quently thau  any  other  single  muscle  of 
the  arm.  It  may  be  paralysed  alone  or  in 
association  with  other  muscles  ;  occasion* 
ally  the  deltoid,  supra-  and  infra-spinatua, 
biceps,  and  supinators  are  all  involved  in  the  "  upj>er  arm  type "  of 
palsy  of  Erb*  (iee  p.  111).     But  other  muscles  than  these  may  be 


Fig.  114. — Atrt>plnr  spinHl  pam- 
lyi^U,  iufantlk'^  form.  WaAiini? 
or  all  tliQ  muMclet  of  the  left 
arm  from  the  deltoid  down- 
wardsj  m>d  of  tbe  right  ■er- 


Pift.  116,^ — Atropbii*  irpinal  pftmlTRia  (adult  form)  nffecttT^g  tlii»  tnteroB8«i 
And  tbenor  inoapleit,  nnd  bIba  th^'  lioltold. 

•  See  ft  paper  by  Dr.  Beevor.  '  Med.-Chir.  Trans./  1885. 
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maaoeiAted  with  the  deltoid.  The  irregularitj  of  the  grouping  is  shown 
by  the  fact  that  the  trireps  is  often  affected  with  these  muscles. 
lu  th©  case  showTi  in  Fig.  115  the  deltoid  and  intrinsic  muscles  of  the 
hand  were  wasted,  and  no  other  muscles.  The  serratus  magnus  is 
0€  jiaionalJy  affected  as  in  Fig.  114i;  in  this  case,  although  the  left 
arm  had  sufifered  severely,  aa  the  figure  shows,  on  the  right  side  onlj 
the  serratus  was  involved.  With  the  serratus,  the  upper  part  of  the 
poctoralifi  major  is  sometimes  associated  in  paralysis  (as  it  is  in 
normal  functiou,  see  p.  37),  the  lower  part  being  unaffected  ;  it  was  so 
in  this  patient.  The  middle  part  of  the  trapezius  and  otlier  scapular 
muscles  are  occasit.iuallj  involved.  The  neck  muscles  rarely  suffer,  hut 
the  dtaphritgm  is  occasionally  paralysed*  Although  the  intercostals 
and  other  truuk  muscles  are  so  often  weakened  in  the  early  stage,  con- 
siderable permanent  atrophy  is  very  rare.  CuiTature  of  the  spine  m 
somel  iuios  produced  in  consequence  of  the;  patient  being  allowed  to 
iit  up  while  the  muscles  are  weak.  It  may  be  a  lateral  or  an  antero- 
posttTior  curve,  according  as  the  weakBees  is  on  one  or  both  sides.  I 
havL'  met  with  considerable  depression  of  the  lower  part  of  the  wall 
of  the  thorax  on  the  left  side  from  paralysis  of  the  intercostal 
muscles  at  the  spot,  perhaps  combined  with  hindered  growth  of  the 
ribs.  The  muscles  supplied  by  cranial  oorves  are  scarcely  ever 
affected.  I  luiv©  once  seen  complete  paralysis  of  one  side  of  the  face, 
atsociatiHl  with  wasting  in  the  limbs,  in  an  otherwise  characteristic 
case,  and  an  )iista.uce  of  affection  of  the  face  and  tongue  has  been 
riHiordi'd  by  Pasteur,* 

Th«'  Cdurife  of  the  disease  has  been  already  sketched.  There  are 
(1)  an  initial  stagu  uf  paralysis,  rapidly  increasing,  often  accompanied 
Willi  tVvi^r  ;  the  duration  of  this  stage  is  from  a  few  hours  to  a  week 
or  ■    '  n  i!Mii-e;  (2)  a  stationary  period,  which  lasts  for  a  week  to  a 

II (li  ,  (;>)  a  Kt^ige  of  'Vregi-ession/'  duriui,'  which  the  palsy  passes 

itwuv,  4V'»'pt  from  cei-Utin  parts  in  which  wasting  occurs-,  this 
regrejiiiive  |M?riod  usually  occupies  from  one  to  sii  months ;  (4) 
a  chronic  stage  (overlapping  the  last),  during  which  atrophy  con- 
iiiiut^s;  slight  iraprovfuient  may  occur,  but  contractures  and  de- 
fonnities  art'  developed.  The  duration  of  this  stage  is  indefinite, 
btMiaunt*.  wherever  muscular  tissue  remains  and  some  voluntary  {>ower 
return*!,  this  slowly  improves,  by  iii<Teased  development  of  the  muscle 
uud«*r  the  influence  of  use,  and  this  continues  in  slight  degree  for 
ymt»>  Tliis  gain  is  often,  however,  more  than  co\intcrbaianced  by 
iha  interference  with  growth,  and  hy  the  occurrence  of  deformities. 
Ut«i  in  the  ulightest  cases  compkto  recovery  is  extremely  rai'e,  and 
the  limb  remains  smaller  than  its  fellow.  On  the  other  hand,  death 
from  the  disease  is  equally  uncommon,  and  occurs  chiefly  in  the 
early  stage.     It  is  nut  improbable  that  some  children  die  from  the 

•  *  LNiirot/  1887,  vol,  ii*  It  ii  probnble  that  when  the  cruuial  uerxe  auclei  nrv 
utrui'lftl.  (li«  vil»l  eeiitre«  become  'iDvolvvd  in  taoBt  imtUuies^  bo  tbiit  tUe  piUaeatii  da 
iini  iiirvivc. 


AOUTB    ATEOl'Hin   PARALYSIS. 


409 


tnitiaJ  dlBtiirbanoe  before  its  nature  is  recognised.  Now  and  tlieii 
death  occurs  at  the  end  of  the  first  week  or  ten  days,  from  iiniver^al 
paralysis  or  from  some  such  severe  cerebral  disturbance  as  existed  in 
the  cases  mentioned  above,  or  as  followed  the  spinal  li-sion  in  a  case 
in  which  paralysis  in  the  arms  came  on  upon  the  third  day  of  the 
initial  fever  and  reached  its  height  on  the  fifth  day»  farad ic  irrita- 
bility being  lost  by  the  seventh  in  many  muscles  of  the  left  arm ;  a 
little  rigidity  of  the  neck  then  occurred,  and  on  the  tenth  day  the 
patient  began  to  vomit,  complaine<i  of  incrt'iised  headache,  and  had 
hallucinations;  t>n  the  eleventh  day  he  became  comatose  and  died. 
Bronchial  catarrh  is  an  occasional  cause  of  death,  when  the  respira- 
tory muscles  are  weak. 

Relapses  are  very  rare,  and  occur  chiefly  in  the  form  of  a  separate 
later  extension  of  the  disease.  Second  lUtacks  are  almost  unknown  j 
one  instance  only  was  met  with  in  the  series  of  214  cases. 

SequeliB,  iKn'ond  those  mentioned  as  part  of  the  symptoms  of  the 
disease,  are  also  very  rare.  As  a  rule  the  general  and  nervous  health 
of  the  patients,  and  the  duration  of  life,  are  uninfluenced  by  the  local 
palsy.  In  a  few  cases,  however,  some  other  uhronit;  affection  of  the 
spinal  cord  has  come  on  when  the  subjects  of  infantile  paralysis  have 
reached  adult  life.  Progressive  muscular  atrophy  has  been  several 
times  observed  to  start  from  the  paralysed  Hrab,  and  even  to  be 
apparently  excited  by  a  fracture  of  the  bone.*  Acute  and  subacute 
polio- myelitis  in  adult  life  have  also  been  observed  as  a  sequel,  and  I 
have  twice  seen  the  symptoms  of  lateral  Bclen>si8  slowly  developed,  in 
one  CB4se  at  seventeen,  in  the  other  at  twenty-eight.  In  the  spiual 
cord  of  the  sulgect  of  old  infantile  paralysis  there  seems  thus  to 
persist  some  disposition,  slight  though  it  be,  to  fresh  disease,  and  the 
cases  of  lateral  sclerosis  mentioned  show  that  the  liability  to  disease 
is  not  limited,  as  has  been  thuught,  to  the  grey  matter.f  Tlie  altered 
atructuie  of  the  bones  has  been  known  to  facilitate  their  fraetute ;  in 
one  case  the  bones  in  tbe  affected  limb  were  broken  on  three  separate 
occasions  (Dutil). 

rATiioLr»oTCALr  Anatomy.  — For  akinif  time,  iufantiJe  iwralj^siB  was 
believed  to  bt*  a  peripheral  affection,  having  its  seat  m  t  he  Tiiiiseles.  But 
improved  methotla  nf  exaiuinhig  the  iierve-c*Mitres  have  shown  changes 
in  the  spinal  eor*^  wlm.li  have  the  eharactei's  of  an  atute  intlanimaliiai 
of  the  grey  substance  of  the  iinterior  horns.  The  correspondence 
between  the  infantile  and  adult  forms  makes  it  certain  that  the  latter 
are»  in  most  instances,  of  the  same  nature.  Subaeyte  atrophic  para- 
lysis in  adults  has  been  found,  however,  to  depend  on  disease  of  the 
nerves  in  some  forms  that  were  thought  to  be  spinal,  but  in  these  the 
palsy  is  strictly  symmetrical,  and  when  it  is  irregular  in  distribution 
the  disease  is  certainly  identical  with  the  infantile  form. 

Observations  on  the  changes  in  the  spinal  cord  in  the  early  stage 

•  Rajmotid,  'Prog.  MM./  1B89  ;   Dutil,  *Ofl2.  Med.  de  Pirns,'  1881. 

f  Cmnpirt]  Ballet  auil  0util,  *  Revue  de  Medeciue,'  Juuuarj,  1884,  y,  1B» 
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nre  few.  A  case  recorded  bj  Dr.  D,  Dniramond,  in  All 
i>ne  of  this  disease,  is  bj  far  the  earliest  oa  record,  and  is 
earliest  possible.*  A  cMld,  five  years  old,  died  after  a 
acute  illness.  The  spinal  cord,  in  the  region  of  the  fourttd 
cervical  nerves,  presented  undue  redness  of  the  anterior  gr^ 
The  vessels  running  from  the  surface  to  the  cornu  were 
with   blood.     The  microBcoj^if  showed  distenaion  of  capillj 

minute  extravasati* 
^ev   subfltiince,   st 
the  neuroglial  e'e 
of  the  ganglion-eel 
were  granular  with 
processes.  Another] 
early  observation  ii 
Dr.  Chstrlewood  Tn 
weeks  after  the  onl 
116).       In    this 
somewhat  later 
changes  have  been  ; 
the    anterior    cornu 
advanced     than     iii 
mond's  case.     They  i 
widely  spread   in   al 
gree.  and  attain  conS 
intensity  in  one  or  m 
usually   in    the    oeri 
lumlmr  enlargements 
At   these  spots  the 
horn  is  softened  ;  s 
there  is  haemorrhagio 
tion  (Fig.  117),soraeti 
actual  cavity  (Fig.  116 
']  he  microscope  showji 
vaaated    blood  often  J 
aluug  the  vessels   (W 
c),  and  8(^attered  thrt 
grey  matter  with  otl 
such  as  are  met  with 
litis.     There  are  alsa 
corpuscles  and  other 
of  degeneration  of 
elements.      These 
and     especiallj    t 
nerve-cells,  have  almost  entirely  disappeared.     Where  the 
slighter  in  degree  there  is  a  leucocyial    infiltration,  a 
corpuscles  are  seen,  while  the  nerve-cells  may  be  structura 
•  •  Bmiu/  ApriU  188«.  t  *  p^ti,.  Tran«,/  vol.  xxv,  p. 


Fig,  IIB.— Acutf  Jiidtirinr  |Ktlii>.m>elitia  in  a 
child  2|  y«'Ri-«  uldt  '^^^  weeks  after  the<iu««L 
(AftiT  Chiirtefltood  Turner.)  A,  Section 
thmuHrh  tbe  lowftt  part  of  the  lumbar  en* 
lArgeinent,  thowintr  >^  cnvitj  vittbfe  to  the 
naked  eve,  ou  t<ie  leit  std«.  B.  Left  ante- 
rior  Iialf  of  the  oord  utidor  n  low  mft^rnify- 
\n^  power,  ihowing  rinNtrnction  of  almost 
the  whole  an tf rior  coruu.  0,  Portion  of 
anterior  c^nin  in  the  upper  p»trt  of  the 
lumbar  enlAr^einetit,  Niimerouix  corpusch'» 
lie  in  the  BrrMUul»r  protoplH»in  nnd  reticnlnm 
of  fine  flbrea.  A  small  artery  in  ifticrmited 
with  Boveml  Ujer^of  corpusclctand  nticlel. 


few 
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bat  swollen  and  gmnular.    The  morbid  ftppwiTances  may  be  con- 
fined to  the  anterior  comua,  or  maj  extend  in  slighter  degree  into 


127.— ^Arute  anterior  poT'to-nijelitia  in  ft  ehtld  14  monibs  o\A,  Dr. 
B>itu>n'«  (Mb&e.  The  alTectinn  comiiii»nc«'ri  in  tb«  leits,  but  fbcro 
riectricd  oliBfiiret  and  pt^mlnii  in  ch«  arms  ai  irelL  The  oblM 
diMl  laddfaiilv  ou  tlte  foartoeutb  dajr  ai  the  itlnea*.  Tb«  aeciion  made 
and  leiit  by  Dr.  Batten  sbowi  marked  engnr^ement  of  ve«wl«,  witb 
oeraiionaily  actnal  eziraravstioii,  emalUceUed  inAltration,  and  ckan^ 
In  tbe  aotifior  horn  c«lk. 


lite  adjacent  lateral  column,  in  which  the  nerre-fibret  near  the  grey 
matter  may  undergo   destruetire   degeneration,  and  other  signfi  of 
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infiainmation  vntiy  be  eeen.  Tbe  postenor  oohunns  am  alwmjfi  vm- 
affected.  In  verj  severe  cases  there  may  be  signs  of  Blierht  local 
meningitis  correspondiBg  in  position  to  the  region  chiefly  affected. 
This  region  corresponds  to  the  origin  of  the  nerve«  supplying  the 
muscles  in  which  there  is  most  wasting,  and  the  anterior  nerre-root* 
which  arise  from  this  part  present  tbe  signs  of  acute  degeneration. 

Such  changes  indicate  a  general  or  interstitial  inflammation  of  tbe 
grey  matter.  But  some  olmerrations  have  revealed  only  alterations 
in  the  mot^r  nerve-cells,  which  have  preaent^'d  granular  degeneration, 
the  matrix  between  them  being  quite  unaffected.*  This  suggests  that 
there  may  be  a  form  of  polio-myelitis  in  which  the  changes  ate 
essentially  parenchymatous  and  not  interstitial. 

At  a  later  period,  years  after  the  onset,  the  appearances  pre«ented 
accord  with  those  described  as  commonly  found  in  the  earij  >ta^ 
allowance  being  made  for  the  difference  in  time.  The  anterior  comu 
at  one  or  more  places  is  ekruuken  (I^ig.  118),  and  in  part   euins 


J 


Fig.  118.— Atrnph>c  fpinml(iitfAiiti1e)pnra1ygia.  i,  Firtt  InmlHir  |  th«  toft  ttnttHor 
cornn  is  smaller  tbun  the  right,  «nd  it*  frajiglion-celN  Imv©  dliftppenred  with  tW 
axrepiiou  of  the  iauer  ^onp.  b.  Fmirth  lunibftr;  tin*  whole  l«ft  hm\t  or  th«  ear<t 
in  imilter  than  the  oth«r,  in  consequence  of  the  rliminution  in  aiM  of  th«  ftoL 
horn,  or  the  g&nfflion-oelli  only  m  fetv  reMiiiin„  beloiiglDgf  t'>  tbe  antero-Uter*] 
group.     Bimilftr  clmn^et  fxisted  throughout  \\ie  Inmbiir  enlargement^f 

deeply  with  carmine,  in  consequence  of  its  nervous  structures  being 
replaced  by  connective  tissue,  in  part  less  deeply  in  consequence  of 
**  granular  disintegration  "  of  tbe  substance.  The  motor  nerre-oella 
are  absent,  partially  or  entirely.  Sometimes  a  few  shrivelled  cells 
remain,  sometimes  one  or  more  groups  may  be  unaffected ;  or  one  or 
two  nerre^sells  of  normal  appearance  may  alone  remain  (see  Fig.  118). 
Small  foci  of  disease  may  be  seen  in  the  unaffected  part  of  the 
l^rey  matter,  and  in  these  tbe  motor  cells  may  be  Bmaller  thaa 
normal ;  the  intervening  plexus  may  have  perished.  Wben  one  bom 
is  much  damaged,  the  other  may  merely  present  fewer  nerre-oelli 

•  BiMler,  *  Nord.  Med,  ArkV  xi, 

t  For  these  iettioas  I  am  indebted  to  Dr.  H.  Hamphrejfl,  of  SL  LedtiftMt.  Tli« 
p«riitv«is  came  oil  Mtoue  ondehiilf  year*  of  agp,  two  yeftrsbef ore  d<'ath«tiiid  luvnlvHS 
i»04it  uf  tbe  miiAclM  of  tbe  lett  leg,  tbo«e  of  tbe  salf  ia  grrateel  degrt«»  to  tbat 
talipee  oalcatieui  had  developed. 
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Qonoal.  witli  perhaps  a  little  condensation  of  tbe  interstitial  tis«nr 
The  anteio-l&teral  column  is  usuallj  lessened  in  size,  and  may  present 
slight  iclerotic  chant^s,  especiallj  in  a  zone  contiguouB  to  the  grev 
tubstancep  whence  thickened  septa  may  radiate  into  the  white  column. 
This  ia  apparently  due  to  the  extension  of  an  intense  inflammation 
of  the  grey  substance  to  the  adjacent  part  of  the  white  column. 
SometimeA  a  slighter  sclerosis  can  be  traced  through  the  lateral 
oolumn ;  this  is  seen  diieiiy  in  cases  of  long  duration,  and  is  probably 
•eoondaiy.  With  extreme  damage  to  both  comua  there  may  be 
ultimately  great  wasting  of  the  white  coltmms  on  each  side.*  In 
cansequenoe  of  these  alterations,  the  affected  half  of  the  cord  is 
conspicuously  smaller  than  the  other,  even  to  the  naked  eye,  and  the 
difference  is  groatest  where  the  damage  to  the  grey  matter  is  most 
intense.  The  anterior  nerve*roote  at  the  most  affected  part  are 
small  and  grey,  and  the  degeneration  of  the  motor  fibres  may  be 
tmoed  down  the  nerve-trunks.  Often  a  few  fibres  present  a  normal 
•ppearanoe  although  the  rest  hare  perished ;  possibly  from  the  sym- 
pathetic system. 

The  muscular  fibres,  in  early  cases,  have  been  found  narrower  than 
normal,  and  in  a  state  of  granxilar  degeneration,  with  an  increase  in 
the  nuclei  of  the  sheath  and  of  the  interstitial  tissue.  Grannies  and 
pigment  masses  accumulate  betweeu  the  sarcolemma  sheaths.  In 
extreme  i-ases  (those  in  which  aU  electrical  excitab  Uty  is  early 
lost)  the  degeneration  proceeds  to  complete  disappearance  of  the 
fibres,  the  pUoe  of  which  is  occupied  by  fibrous  tracts,  developed 
piixUj  from  the  sarcolemma  sheaths  and  partly  from  the  interstitial 
OOnnectiTe  tissue.  It  is  common  to  find,  here  and  there,  a  fibre 
pT^esenting  normal  appearances.  Sometimes  fat  accumulates  in  the 
interstitial  tissue,  so  that  the  reduction  in  the  bulk  of  the  muscle 
may  be  less  than  that  of  the  fibres.  In  slighter  cases,  in  which 
partial  reoovei7  takes  place,  some  of  the  fibres  probably  regain  their 
Qormal  appearance,  even  though  they  have  tindergone  sHglit  granular 
degeneration.  Usually,  however,  many  fibres  perihh  ;  those  which 
recover  are  smaller  than  normal,  and  the  original  volume  of  the 
mosde  is  rarely  regained.  Although  there  may  be  a  permanent  increase 
in  the  interstitial  tissue,  this  undergoes  contraction  and  comes  to 
occupy  but  a  small  bulk.  Muscular  fibres  are  often  seen  that  are 
larger  than  normal,  and  this  is  not  (as  has  been  thouglit)  a  transient 
oondition,  for  it  baa  been  observed  seventy  and  forty -five  years  after 
the  onsetf    It  is  perhajs  sometimes  a  true  hypertrophy.J 

The  bones  have  been  found  not  onlj  shorter  than  normal,  but  alsu 

•  8m  *  Britith  Meil.  Jntirnil,'  1887.  p.  187. 

t  Jaflh>y  ftud  Achafd.  'Arch,  dn  M^  upV  l^^l  Dejerins  and  Hoet,  'Aftli. 
4t  Phy.,;  1888. 

X  Dejfrine.  U  b  tftld  to  hAv«  b««D  met  with  In  mdadei  totally  parmljsMi ;  bat 
ll  U  dottbtful  whetb«r  *"  tot«l  p«1iy  **  of  a  miucle  eiclude*  volonUrj  oootnetioii  vf 
SOttS  fibres  in  it. 
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villi   Uiflir  angles  rounded,   the   oompact  tubstanos 
ctaifOfiB*  ftod  tli«  HaTcnian  canaU  smaller  ( JofTroj  and  Aebard) 

Thm  brain  ha«  been  almost  always  found  normaL  In  one  ca««  witb 
flKtinitftt  paialjiit,  of  long  duration,  acme  atrophy  was  found  in  tht 
motor  regioB  of  the  cortex  (Sanders).  It  is  probable  that  eoaie 
a>:ute  diuigH  would  be  found  in  oases  that  die  with  the  cerebral  9pa» 
ptoniB  already  described. 

Ko  obserrationB  have  as  jet  been  made  on  the  acute  primary  poly- 
neuritis that  seems  oc^^asionaUj  to  coincide  with  the  inflammation  of 
the  cord,  perhaps  sometimeB  to  exist  alone  without  any  cord  affection,* 
It  is  probable  that,  in  the  ca8es  in  which  the  nerves  are  tender  im  til* 
iiiitldle  of  their  course,  the  sheath  will  be  found  inflamed,  and  oa^f 
the  motor  fibres  will  presont  such  signs  of  secondary  degeneration  as 
always  result  from  the  lesion  of  the  cord. 

PaxHOLOOT. — Both  the  character  of  the  lesion  and  ite  mode  of 
OBiet  suggest  that  it  is  inflammatory  in  the  majority  of  oases.  In  raji* 
uutaaott,  at  already  stated,  the  almost  instantvieoas  onset  makes 
il  probable  that  the  lesion  is  different  in  character,  is  rajBcular  b 
ili  aatniik  pfobably  haemorrhage.  It  is  likely  that  these  caaes  are 
myelitis,  in  which  the  usual  initial  Tascular  dis 
as  to  produce  an  extraTaeation*  Signa  of  inflam- 
UftalfaMi  do  not  pircede  the  sudden  onset. 

tVe  ^ymptema  aie  well  explained  by  the  pathological  facts  that 

llMfO  hmm  iUfWilaimiil,  extended  by  the  simple  inferences  that  woe 

MkilM  V^  i9rmf*Qni&    The  lesion  interrupts  the  motor  patli. 

^ttibu  taiiaiiliiia  p^,  which  resuiU  from  damage  to  the  cells  and 

k*''  «  of   Ibe  grey  matter,    whether  slight   or  severe.     Tbi* 

i>Mxvr\ty  ^^  il^  sb^t^  damaged  structures  restores  the  Toliintary 

|ialik  Ml4  <^¥««  H  iIm  fibne  &om  the  cells  degenerate,  they  seem  to 

Wjifcl  normal  HHfttUte  Iqr  mgeneration  when  the  cells  recover.     But 

wten  Ike  im^^Kht  etUi  m  destroyed  the  fibres  from  these  degene- 

mW  p«»rti»aiMMill^.    Am  l^aligbtor  damage  is  usually  far  wider  than  the 

di*»t«u«i*aii,  Ibe  iailial  fialsy  k  more  extensive  than  the  persistent 

atro|il^,  aa4  the  eilenl  of  WMk  is  purely  a  matter  of  this  relaiiTt* 

avM  of  IriWuig  lyid  severe  dipee  of  lesion.     Nervo-oellB  that  arc 

^i^MHnf^  %fo  oereer  rsmwed.  and  hence  the  permanence  of  the  muaoular 

^*^  <fayeiide  oa  each  destruction.     When  a  few  nerreHjells 

deslmoiaQi^  a  few  aerv«-fibma  recover  and  a  little  muscle-tiaeiiie 

amy  bsv  to  be  of  use.    The  oocaeional  interlerence 

m^n  tno  oondQctiiig  timeta  in  tbe  white  oolumna  is  explained  by  the 

ooviooa  eatenatMt  of  tbe  inflammation,  which,  when  very  intenee,  may 

even  ^xread  through  all  the  structures  of  the  cord,  as  in  the  lare  caaee 

^^b  which  eenaation,  as  well  as  motion^  ia  lost     But  such  cases,  which 

^HHP  ™***^  *Tire,  differ  from  true  transverse  myelitis  in  the  npidtty  with 

^^ 


Utt^Wblj  ih«  e«M  Id  two  cue*  of  pwrmtj^iB  in  ebUdrao  iliowa  to  tiir 
«^^*a  Soi^tjr  of  Loudon  b^  l>r.  Lnon«rd  O.Khrie,  *  Lai«»C  ISW,  vqL  I. p.  445 
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whicb  the  danuige  restricts  itself  to  its  special  seat,  and  senioiT  oon* 
ductioQ  is  restored.  The  fact  that  the  disease  of  the  sensory  tracts  is 
oalT  seoondarT-  and  trifling,  is  i^rajthasised  by  the  fact  that  even  in  these 
there  are  never  the  acute  bedsores  that  would  surelj  ensue  in  a 
of  true  transvi»r»t*  or  total  myelitis  of  corresponding  seat. 

The  observations  mentioned  on  p.  412  suggest  that  there  are  two 
varieties  of  the  inflammation  of  the  grey  matter,  such  as  we  have 
recognised  in  myelitis  g.nerally;  a  parenchymatous  inBammaliiai 
consist  iug  in  a  priii»ary  change  in  the  nerve-cells,  and  an  interstitial 
or  general  inflammation,  as  in  the  common  forms  of  myelitis,  in* 
Tolving  the  nervC'Cells  only  as  one  of  many  structures  equally  damagrd 
by  a  process  that  has  no  s|->ecial  relation  to  the  nerve-elements.  The 
distinction  is  import^int,  because  we  should  expect  tr»  find,  in  the 
former  cases,  a  wider  slight  initial  affection  than  in  the  others,  and 
finally  a  more  definite  relation  to  function  in  the  parts  diseased. 

The  tnie  pathology  of  the  malady,  its  relation  to  its  causes,  is  still 
obscure.  The  one  salient  fact  that  we  can  discern,  though  scarcely 
define,  is  the  eridenoe  of  a  blood- state  afforded  by  the  general  sym- 
ptomt.  That  these  symptoms  are  not  the  consequence  of  the  local 
tnflAtniiiation  is  shown  by  their  disparity  in  degree,  and  difference  in 
time.  It  is  probable,  therefore,  that  the  spiniil  lesion  is  not  the  cause 
of  the  constitutional  disturbance,  but  is  rather  an  effect  of  the  cause  of 
the  latter.  It  seems  imp«>9sible  otherwise  to  understand  the  extreme 
variation  in  the  two  forms  of  disturbance.  But  we  have  no  evidence 
as  to  the  nature  of  tbe  blood-state,  and  there  are  no  other  effects, 
commonly  associated  with  the  myelitis,  to  indicate  the  general  patho- 
logical tendency  of  its  cause.  The  closest  analogy  is  with  some  forms 
of  neuritis,  and  this,  as  we  have  seen,  may  eo>exist  with  the  spinal 
lesion,  as  a  consequence,  at  any  rate,  of  exposure  to  cold.  Indeed,  it 
is  protiabte  that  the  inflammation  of  the  nerves  is  the  chief  or  even  the 
jOnly  morbid  process  in  some  of  these  cases.  On  the  other  hand,  it 
[must  be  noted  that  in  the  epidemics  of  the  disease,  there  were,  besides 
of  spinal  cord  disease,  itmultaneous  cases  in  the  same  pUces  in 
[which  the  evidence  pointed  to  an  analogous  inflajnmation  in  the  cere- 
brum. In  one  epudemic,  the  American  one,  the  lower  animals  also 
suffered  (see  p.  416).  The  variations,  alike  in  the  general  symptoms  and 
in  the  inflammation  of  the  cord,  and  especially  the  indications  that  the 
may  be  either  parenchymatous  or  interstitial,  suggest  that  the 
blood-state  also  varies  in  different  cases.   We  have  no  indication 

the  way  in  which  the  remarkable  relation  to  season  is  produced, 
[whether  by  predisposing  the  individual  or  favotiring  the  development 

•ome  tozio  agent.  We  must,  however,  recognise  as  an  essential 
It  the  predisposing  influence  of  age,  which  we  maj  associate 
(vHh  the  facts  that  the  structural  development  of  the  nervous  system 

complete,  but  the  function  of  the  nerve-elements  must  husk  the 
iity  that  oomes  only  from  continued  use,  and  that  the  period  is 
generally  that  which  coincides  with  the  first  serious  demand  on  the 
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of  the  cord.    We  maj  remember 

«3  fnnotion  entails,  and  the  readinen 

of  chfldren  is  disturbed.    Laatlj 

than  one  member  of  the  same 

ition  of  the  system  to  react  in  a 

agencies,  while  a  special  feature  in 

te  occasional  epidemic  character  of  a 

for  ascribing  to  it  an    "infective" 

suggests  that  it  is  probably  due  to 

)lM>d  analogous  to  that  which  seems  to 

probably  distinct  from  it — a  change 

It  H  llie  effect  of  heat»  the  result  of  some 

wUch  we  cannot  yet   understand,  and 

UBS  effects  some  organismal  cause.    This 

the  action  of  traumatic  influences  in 

:^*^  a  glimpse  of  its  pathological  relations 

^ftein. 

any  difficulty  except  in  the  early 

is  is  passing  away,  and  the  wasting  is 

is  sufficiently  evident,  and  is   cor- 

MMtions,  by  the  loss  of  reflex  action,  and 

■lairment  of  sensibility.     At  the  onsets 

M^  Kadily  be  misinterpreted.     The  most 

;^  ^  ^ibA  ^i!>o  Diuch  importance  to  vomiting,  and 

wnply  gastric.    General  disturbance   is 

«  4S1H  general  cause  until   nervous   symptoms 

>|<h«a  then  there  is  risk  of  error.     On  the  one 

ikiHi$n<^  of  a  general  disease  is  not  always 

jj     jtfto^w  appears,  but  the  latter  is  regarded  as 

^    ^  ««yr  kand,  especially  in  young  children,  the 

„^     ^^  ^  jftitt  overlooked  at  first,  and  it  is  supposed 

^^  ^    ^  ^,  v^rw  because  it  is  prostrate.    This  error  will 

^  ^  ^^c^ttittKved  that  mere  prostration  seldom  causes 

^^    ^^  4  -ygfitri  it  does  not  produce  local  immobility. 

^j.  >— ^  a»i  the  loss  of  power  persists  and  increases, 

^'^^ ,n^i<l  iialways  unmistakeable.    The  initial  general 

^  ^01  V  i«i!*rd®^  *8  part  of  the  disease  unless  there 
^^  j£iii»  independent  nature. 

^  mistaking  paralysis  for  prostration  is  con- 

^  ^  other  hand,  the  general  symptoms  are  as 

in  the  case  of  children.     The  rheuma- 

are  usually  regarded  as  evidence  of 

^mff^tlly  when  the  affection  follows  exposure  to 

'  '^  pains  are  not  localised  in  the  joints 

IflMp.  IMO ;   Burcelli. '  N»  ar.  Cent..'  1897.  p.  798  ,• 
;  jMiumiy,  189(i;  Pastear.  Trtni.  Clin.  Soe.,* 
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and  eapeciallj  when  thej  are  spontaneouSi  and  not  mflueBced  by  move* 
ment,  the  possibility  of  their  spinal  (or  nerve)  origin  should  be  remem- 
bered ;  ajid  other  indications  of  spinal  miaehief,  such  as  local  loss  of 
power,  tingling  or  formication,  should  be  carefully  watched  for  and 
receive  due  weight. 

Of  other  spinal  cord  diseases,  all  chronic  lesions  are  distinguished 
at  once  by  the  onset.  From  other  acute  diseases^  moreover,  the  dis- 
tinction is  only  diMcult  in  the  early  stage.  Ab  ioon  as  the  initial 
palsy  begins  to  lessen,  and  the  muscles  in  one  part  lose  f  aradic  irrita- 
liility  and  begin  to  waste,  the  nature  of  the  case  admits  of  no  doubt. 
The  diagnosis  may  be  made  with  certainty  after  the  end  of  tbe 
first  week  by  the  electrical  reaction.  If  we  find  lose  of  f aradic  irrita- 
bility, it  is  certain  that  the  characteristic  alteration  in  voltaic  irrita- 
bility will  follow.  The  isolated  Induced  shocks  should  be  used  iastead 
of  the  serial  **cuiTent,"  because  any  harmful  stimulation  of  the 
sensory  nerves  is  thereby  avoided*     (See  Dis^eases  of  the  Nerves.) 

Acute  transverse  myelitis  is  only  simulated  when  the  inflammation 
of  the  grey  matter  is  bilateral  and  so  intense  as  to  extend  to  the 
white  columns,  but  the  age  of  the  patient  generally  suggests  correctly 
the  nature  of  the  disease.  The  myelitis  of  childhood  is  polio-myelitis. 
The  pseudo-transverse  variety — polio -myelitia,  transverse  through  ita 
intensity — is  seated  in  one  of  the  enlurgementa,  usually  the  lumbar ; 
the  true  transverse  form  usually  occurs  in.  the  dorsal  region.  Beal 
difficulty  is  confined  to  adults,  in  whom  there  is  extensive  cervical  or 
lumbar  myelitis  involving  the  grey  matter.  In  young  adults,  polio- 
myelitis is  more  hkely  ;  this  is  indicated  also  by  what  is  best  described 
aa  a  regressive  onset  in  contmst  to  one  that  is  progressive.  In  the 
former  a  wide  extent  is  quickly  reached,  and  the  symptoms  then  t^nd 
to  lessen ;  in  the  latter  the  morbid  process  is  a  loBger  time  reaching 
its  height :  in  the  f oi-mer  the  symptoms  clearly  show  that  the  most 
severe  affection  is  of  the  anterior  grey  matter ;  ia  the  latter,  severe 
anffislhesia  or  trophic  disturbance  usually  points  to  an  equally  intense 
lesioo  of  the  other  parts  of  the  cord. 

The  separation  of  subacute  from  acute  myelitis  of  the  grey  substance 
is,  to  a  large  extentj  arbitrary.  The  symptoms  are  similar,  but  the 
onset  is  less  rapid  and  occupies  more  than  a  week.  The  distinction  of 
multiple  neuritis  is  from  the  subacute  rather  than  the  acute  spiaal 
atrophies,  and  is  considered  elsewhere. 

The  diagnosis  from  paralysis  of  cerebral  origin  is  usually  easy.  In 
cerebral  palsy  there  is  never  loss  of  f aradic  irritability  or  extreme 
muscular  wasting,  or  loss  of  the  muscle- reflex  action.  In  the  spinal 
affection  there  is  no  trace  of  the  mobile  spasm  that  is  common  after 
infantile  hemiplegia.  Any  cerebral  symptoms  which  may  attend  the 
onset  of  polio> myelitis  are  subordinate  in  significance  to  the  state  of 
the  muscles  as  evidence  of  the  permanent  lesion.  Convulsions  at  the 
onset  of  infantile  spinal  paralysis  are  general ;  those  that  result  from 
a  cerebral  lesion  are  usuaEy  unilateral  or  commence  locally.     The  chief 
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difficult^'  ariaes  wlien  arm  and  leg  are  inToIred  on  tho  Bame  Bide. 
Tliese  cases  are  rare,  and  present  no  diiRculty  if  attention  is  paid  to 
the  nutrition  and  reaction  of  the  muscles. 

The  exceedingly  alow  onset  of  peeudo-hjpertrophic  paralrms, 
developing  gradnally,  as  it  does,  with  the  child's  growth,  ought  to 
render  its  confusiou  with  polio-mjclitia  impossible-  A  reasonable 
doubt  can  only  arise  in  a  slight  case  in  which  the  onset  was  unnoticed 
or  forgotten.  I  hare  once  known  slight  atrophic  palsy  of  the  eiten^ 
eoTB  of  the  Imeo  to  induce  the  habit  of  putting  the  hand  on  th^  knee 
in  rising  from  the  ground — an  action  often  thought  to  be  peculiar  to 
the  pseud  I  >  hypertrophic  disease^  but  acquired  wh<?n  weakness  of  the 
ertensors  occnrs  in  early  childhood  from  any  cause. 

Diaeaaes  outside  the  nervous  system  which  have  been  mistaken  for 
infantile  paralysis  are  chiefly  those  in  which  local  pain  interferes  with 
the  movement  of  the  limbs,  and  the  child  is  young.  I  have  known » 
for  instance,  the  mistake  to  be  made  in  the  casa  of  hip-joint  disease, 
necrosis  of  the  f cinur,  and  the  affection  termed  •*  scorbutic  rickets,"  in 
which  there  is  enlargement  of  the  shafts  of  the  long  bones,  extreme 
pain  on  movement,  and  spongy  gums.  In  all  these  cases  a  careful 
examination  will  show  that  movement  is  interfered  with  only  by  the 
pain ;  there  is  no  actual  paralysis,  and  there  is  no  interference  with 
reflex  action.  The  preservation  <jf  the  knee-jerk  is  often  of  great 
significance  ;  it  at  once  excludes  atrophic  palsy  in  any  case  in  which 
the  extensors  of  the  knee  seem  feel>Ie. 

The  points  above  described  should  always  enable  the  diagnosis  to  be 
made.  It  is  impracticable  to  enumerate  the  distinctions  from  every 
disease  with  which  confusion  is  pi>ssihle,  for  experience  shows  that 
there  is  no  form  of  palsy  with  which  a  common  disease,  such  as  this, 
is  not  at  some  time  confounded. 

PfiOONOSis.— The  danger  to  life  is  probably  greatest  when  there  is 
severe  constitutional  disturbancOp  which  may  even  precede  the  develop- 
ment of  the  characteristic  paralytic  symptoms.  In  the  stage  of 
paralysis  there  is  peril  only  when  the  chief  disease  is  in  the  cervical 
region,  and  respiration  is  interfered  with;  but  this  danger  is  small 
unless  an  attack  of  bronchial  catarrh  is  intensifie^i  by  the  palsy. 
Definite  cerebral  symptoms  involve  danger  proportioned  to  their 
character  and  degree,  but  it  is  generally  less  in  reality  than  in  appear- 
ance. In  the  vast  majority  of  cases  the  disease  involves  no  immediate 
danger  to  life-  But  childien  are  left  with  little  power  of  resistance  to 
other  morbid  lufluences,  and  oocaftionally  succumb  to  some  other 
illness,  as  an  acute  specific  disease,  or  an  attack  of  bronchitis,  a  few 
weeks  or  months  after  the  onset  of  the  paralysis. 

As  soon  as  the  paralysis  has  become  stationary,  t.  e.  has  not 
increased  for  tw^cnty-four  hours,  the  danger  of  further  extension  is 
small.  But  the  question  at  onoe  arises,  and  is  anxiously  asked, — 
What  will  be  the  permanent  condition?  Will  there  be  lasting 
paralysis  P     An  answer  cannot  be  given  until  the  end  of  the  first 
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week  or  ten  days,  and  then  only  by  meana  of  an  electrical  examina- 
tion. "Wliatever  muscles,  at  the  end  of  that  time,  have  lost  faradic 
irritability  will  certainly  waste,  will  remain  for  a  long  time  paralysed, 
and  will  probably  be  permaaently  affected  in  some  degree,  slight  or 
serere.  On  the  other  hand,  if  there  ia  no  loss  of  irritability  at  the  end 
of  ten  days,  bat  it  is  apparent  at  the  end  of  a  fortnight  or  three 
weeks,  the  wasting  win  be  slighter  in  degree,  and  some  ultimate 
recoTery  may  be  anticipated  even  in  the  most  affected  part.  Where 
there  is  no  loss  of  irritability  the  paralysis  will  pass  away  in  the 
course  of  a  few  weeks,  or  at  most  of  a  few  months.  When  faradic 
irritability  is  lost  early  and  completely,  the  wasting  will  be  rapid  and 
great,  and  it  is  unlikely  that  there  will  be  much  recovery.  The 
return  of  faradic  irritability  that  has  been  lost  ia  a  favorable  indica- 
tion; it  signifies  nerve-regeneration,  and  will  be  followed  by  an 
increase  in  voluntary  power.  Without  an  electrical  examination  it  is 
neoessary  to  wait  lon;^er  before  a  prognosis  can  be  given,  until  distinct 
wasting  on  the  one  hand,  or  improvement  on  the  other,  indicates  the 
regions  m  which  the  paralysis  will  persist  and  in  which  it  will  pass 
away.     Even  then  the  prognosis  cannot  be  so  definite. 

In  the  t^hronic  stage  the  prospect  of  ultimate  recovery  depends  on  the 
rate  at  which  wasting  developed,  on  the  electrical  reaction,  and  on  the 
duration  of  the  case.  Where  there  is  no  sign  of  returning  power  at  the 
end  of  three  months  very  little  recovery  will  occur;  the  nerve-cells 
are  destroyed,  their  renewal  is  impossible.  The  preservation  of 
voltaic  irritability  (that  of  the  muscular  fibres)  is  so  far  satisfactory 
that  it  shows  there  has  been  no  destructive  degeneration  of  the 
muscles ;  and  if  voluntary  power  ia  increasing,  it  indicates  favorable 
conditions  for  its  exertion^  but  it  does  not  lessen  the  grave  significance 
of  persistent  palsy  and  the  absence  of  faradic  irritabihty,  which  indi- 
cate persistent  nerve-degeneration.  On  the  other  hand,  if,  at  the  end 
of  one  or  two  months,  some  faradic  irritabilitjr  can  be  still  detected, 
although  low  In  degree  (i.  e.  elicited  only  by  a  strong  current), 
improvement  is  probable,  and  may  become  considerable.  It  is  neces- 
sary, in  the  case  of  children,  to  remember,  and  it  is  important  to 
warn  the  friends,  that  the  growth  of  the  most  affected  limb  will  be 
hindered,  and  that  this,  in  the  case  of  the  leg,  may  render  the  effect 
of  the  paralysis  more  obtrusive  by  its  interference  with  the  gait. 
Otherwise  they  are  distressed  by  what  seems  to  thom  an  increase  in  the 
disease,  but  is  really  compatible  with  continued  improvement. 

TfiEATMENT.- — The  treatment  of  the  acute  stage  of  the  disease  is 
essentially  the  same  as  that  of  myelitis,  already  described,  and  the 
rules  and  principles  already  stated  need  not  be  here  repeated  in  the 
initial  stage  it  should  be  that  of  the  general  state,  guided  by  any 
special  causal  indications  that  may  be  detected  ;  .vuch  as  free  sweating, 
followed  by  salicylate  of  soda  or  salicin,  in  a  case  distinctly  due 
to  exposure  to  cold.  We  may  hope  that  future  observations  will 
afford  UB  some  indications  regarding   the  means  of  counteracting 


r 


420  SPINAL    COKD. 

other  blood-st^tei  ttat  apparently  exist  at  the  onset,  and  are  con- 
cerned in  the  proiiuction  of  the  lesion.  At  present  we  are  -without 
this  help,  ami  can  only  treat  the  initial  stage  aa  we  should  any  other 
local  inliaiiiniation,  directing  our  treatment  to  the  symptoms  that 
may  be  present,  and  the  conditions  that  apparently  underlie  them. 
The  child  Hbtmld  Ix?  kept  at  perfect  rest,  on  the  side,  »o  that  the  spine 
is  not  the  most  d**pt"nding  part.  Warmth  may  be  applied  over  tht> 
affected  part  of  the  cord  by  poultices  or  fomentations.  The  marked 
relief  these  gire,  when  there  ia  spinal  pain,  make  it  probable  that  they 
exert  a  beneficial  influence  in  all  casea. 

In  such  a  disease—in  which  there  is  a  natural  tendency  for  the 
morbid  process  to  cease  to  spread,  and  then  to  lessen  in  eitent^ — the 
difficulty  of  ascertaininpj  the  effect  of  treatment  on  the  lesion  of  the 
spinal  cord  is  very  great.  Full  doses  of  lielladonna  or  erjjot  have 
been  credited  with  the  control  and  arrest  of  the  morbid  process,  but 
only  on  the  evidence  of  a  coincideiioe  in  isolated  cases,  the  ralue  of 
wliich  is  small  in  a  disease  so  irregular  in  its  course.  Either  may  appa- 
rently be  employed,  however,  without  fear  of  harm.  But  probably  the 
measures  mentioued  above  directed  to  the  local  inflammation  have  far 
more  influence  than  drugs  on  the  morbid  process.  As  in  all  acute 
diseases  of  the  nervous  system,  the  chief  room  for  effective  treatment 
rests  with  the  pnictitiotiers  who  see  the  cases  in  the  early  stage. 

When  the  acute  onset  is  over  and  the  spinal  lesion  has  become 
stationary  the  careful  management  of  the  early  stage  should  be  con- 
tinued for  a  time,  because  a  relapse  or  recurrence,  however  rare,  is  not 
entirely  unknown.  Such  care  is  espec-ially  needed  in  cases  in  which 
the  constitutional  disturbance  has  hiH*ii  prolonged,  or  has  continued 
after  the  onset  of  the  spinal  symptoms,  or  in  which  the  latter  have 
come  on  in  distinct  stages.  Under  these  circumstances,  perfect  rest 
ihould  be  maintain^xl  for  one  or  two  weeks  more.  The  same  prolonged 
care  is  needed  when  there  is  persistent  tenderness  in  the  limbs,  or  any 
indications  of  an  independent  neuritis.  Where  wasting  is  taking  place, 
some  slight  tenderness  of  the  nerves  and  of  the  muscles  must  be 
expected  to  accompany  the  process,  and  this»  being  purely  secondary 
in  natnre,  doea  not  call  for  special  treatment. 

When  the  acute  stage  is  over,  and  the  condition  of  the  patient  is 
tta-tionary  or  improving,  tonics  are  generally  both  useful  and  neede<l, 
especially  iron  and  quinine.  Strychnia  may  be  given  in  all  caaeSp  but 
it  should  be  coramenced  only  three  or  four  weeks  aft-er  the  disease  has 
become  statiouary,  Although  clear  proof  of  its  utility  is  not  forth- 
coming, and  cannot  indeed  be  expected  in  a  disease  in  which  merely 
damaged  nerve-elements  always  tend  to  recover,  the  drug  has  a 
definite  influence  on  the  nutrition  of  the  structures  that  are  specially 
affected,  and  it  is  reasonable  to  suppose  that  it  promote*  their 
recovery,  and  is  capable  of  rendering  this  greater*  But  an  agent  that 
has  80  powerful  an  influence  on  fimction  (and  therefore  on  nutrition) 
ia  likely  to  do  harm,  rather  than  good,  until  normal  conditions  otb 
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being  rertored.  If  function  cannot  respond  properlj  to  a  stimulus,  it 
ie  not  likely  tliat  nutrition  can  be  iufluenced  aright.  Hence,  the  more 
severe  the  leaion  the  longer  time  should  elapse  before  strychnia  ia 
coramenced,  and  the  smaller  the  dose  that  should  at  first  be  given. 
It  is  prol>ably  never  either  necessary  or  desirable  to  give  it  by  hypo- 
dermic injection  in  this  flisease. 

The  disease  frequently  occurs  at  the  age  at  which  any  illness  causes 
the  hindnince  to  general  development  that  constitutes  the  condiiion 
known  as  rickets,  and  this  fact  should  be  remembered  in  treatment. 
In  the  case  of  children  who  are  still  in  the  period  of  the  first  denti- 
tion, it  is»  therefore,  wise  to  ftntieipate  the  dan^-er  by  giving,  during 
convalescence,  those  agents  that  have  most  intluence  in  counteracting 
Ibe  tendency,  especially  cod-liver  oil  and  iron;  the  lacto-phospbate  of 
lime  and  iron  is  especially  useful. 

The  use  of  electricity  is  an  important  part  of  the  treatment,  although 
for  reasons  very  different  from  those  that  tirst  led  to  its  use,  and  it  is 
desirable  that  they  should  be  clearly  comprehended  to  secure  ita 
benefit  and  prevent  ita  harmful  or  useless  employment.  Tliere  is  no 
evidence  that  it  van  or  does  influence  the  process  of  recovery  of  the 
damaged  elements  in  either  the  spinal  cord  or  the  nerves.  Moreover, 
as  long  as  the  nutrition  of  these  ie  actively  disordered,  ita  stimulating 
influence  is  likely  to  increase  the  derangement  rather  than  promote 
the  restoration  of  a  normal  state.  The  reasons  for  ita  use  depend  on 
ttie  fact  that  the  disease  entails  nerve-degeneration,  and  are  essen- 
tially the  same  as  those  that  justify  and  determine  its  employment  in 
other  nerve  lesions,  and  have  been  already  explained.  The  muscular 
fibres  whose  nerves  are  degenerated  suffer  changes  in  nutrition, 
and  ultimately  perish  if  no  nerve- regeneration  occurs.  While  the 
influence  normaUy  exerted  by  and  through  the  nerve- fibres  is  in 
al.x»yancep  the  muscles  are  destitute  of  this  influence*  and  without  any 
function^  stimulation.  If  they  are  excited  from  time  to  time  by 
electricity,  their  sensitiveness  to  stimulation  is  distinctly  increased, 
and  this  not  only  to  electricity,  but  to  the  voluntary  stimulus.  This  ia 
clearly  shown  by  cases  that  have  been  untreated ;  the  muscles  may 
not  respond  at  all  to  the  first  application,  but  when  they  have  been 
galvanised  two  or  three  times  a  distinct  contraction  may  be  obtained, 
and,  within  a  week,  some  voluntary  power  may  return.  Wherever 
cell  and  fibre  have  perished,  nothintr  that  electricity  effects  can 
be  of  service  ;  but  where  there  has  Imx'U  damage,  not  destructioQ,  and 
the  nerve-fibres  slowly  recover,  but  regain  their  influence  on  nutrition^ 
and  their  capacity  for  conveying  impulses,  only  after  some  months, 
the  failure  of  musctilar  nutrition  may  be  disproportionately  great,  nnd 
may  even  render  useless  some  regained  nerve-power.  This  result 
electricity  ia  probably  able  to  prevent.  It  does  not,  as  far  as  we 
can  perceive,  prevent  or  even  lessen  the  visible  wasting  of  the 
muscles ;  it  is  powerless  to  counteract  the  efffcts  of  a  destructive 
lesion  ;  but  it  does  seem  to  hasten  ixcovery  from  the  effects  of  partial 


416 


SriNAL  CORD, 


functional  energy  of  the  grey  matt-er  of  the  cord.  We  may  remember 
also  the  vascular  activity  that  all  functioo  entails,  and  the  readinea» 
with  which  the  vaso-motor  system  of  children  is  disturbed.  Lastly 
the  occurrence  of  the  disease  in  more  than  one  member  of  the  same 
family  indicates  a  con^^'enital  disposition  of  the  system  to  react  in  a 
Bimilar  maimer  to  certain  external  agencses,  while  a  special  feature  in 
the  latter  may  perhaps  explain  the  occasional  epidemic  character  of  a 
disease,  and  furnish  grounds  for  ascribing  to  it  an  "infectiTe" 
character.*  The  evidence  available  suggests  that  it  is  probably  due  k> 
Bome  chemical  change  in  the  blood  analogous  to  that  which  seems  to 
cause  rheumatic  fever,  though  probably  distinct  from  it — a  change 
excited  by  cold,  disposed  to  by  the  effect  of  heat,  the  result  of  some 
derangement  of  metabolism  which  we  cannot  yet  understand,  and 
perhaps  having  underlyiug  these  effects  some  organismal  cause.  This 
hypothesis  does  not  exclude  the  action  of  traumatic  infiuenees  in 
determining  the  disease,  Sucb  a  glimpse  of  its  pathological  relations 
is  all  that  we  can  at  present  obtain. 

DiAQNOsis.^This  rarely  presents  any  difficulty  except  in  the  early 
stage.  When  the  initial  pai-alysis  is  passing  away,  and  the  wasting  is 
distinct,  the  nature  of  the  case  is  sufficiently  evident,  and  is  oor- 
roborated  by  the  electrical  reactions,  by  the  loss  of  reflex  action,  and 
by  the  abaeaee  of  any  imp:iirment  of  sensibility.  At  the  onset, 
however,  the  symptoms  may  readily  be  misinterpreted.  The  moBt 
common  error  is  to  attach  too  much  importance  to  vomitings  and 
tu  regard  the  attack  as  simply  gastric.  General  disturbance  is 
naturally  ascribed  to  some  general  cause  until  nervous  symptoms 
manifest  themselves.  Even  then  there  is  risk  of  error.  On  the  one 
hand,  as  we  have  seen,  a. diagnosis  of  a  general  disease  is  not  always 
relinquished  when  paralysis  appears^  but  the  latter  is  regarded  as 
■eoondary.  On  the  other  hand,  especially  in  young  children,  the 
existence  of  paralysis  is  often  overlooked  at  first,  and  it  is  supposed 
that  the  cbild  do  s  not  move  because  it  is  prostrate.  This  error  will 
not  be  made  if  it  is  remembered  that  mere  prostration  seldom  causes 
total  immobility,  and  d  j'oriiori  it  does  not  produce  local  immobility. 
When  the  pyrexia  ceases,  and  the  loss  of  power  persists  and  increaaes, 
the  existence  of  paralysis  is  always  unmistakeable.  The  initial  general 
disturliauce  must  then  he  rej^arded  as  part  of  the  disease  unless  there 
is  the  clearest  evideuce  of  its  inde|Dendent  nature. 

In  adults,  the  danger  of  mistaking  paralysis  for  prostration  m  con- 
siderably less,  bwt,  on  the  other  hand,  the  general  symptoms  are  as 
likely  ta  be  misinterpreted  as  in  the  case  of  children.  The  rheuma- 
taid  paiua,  whiuh  are  so  common,  are  usually  regarded  as  evidence  of 
acute  rheuoiatiam,  especially  when  the  affection  follows  exposure  to 
cold.      Whenever   rheumatoid  pains  are  not  localised  in  the   joints 

•  See  Mediu,  *  Neur.  Cci.t.,'  18&6,  p.  1 120  j  Buccelli.  '  N.-ur.  Cent.,*  1897,  p.  798 ; 
Ek>H'erby, '  Journ.  Am.  Meet,  Auuc.,*  Jmdluuj,  18&(>;  Pastour,  'Triins.  CUm.  SoeV 
1897. 
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and  eapeciall  V  when  tliey  are  BpontaneouB,  and  not  influenced  by  moTe- 
ment,  the  poaaibilitj  of  their  spinal  (or  nerve)  origin  should  be  remem- 
bered ;  and  other  indications  of  spinal  mischief,  such  as  local  loss  of 
power,  tingling  or  fonnication,  should  be  carefnllj  watched  for  and 
receive  due  weight. 

Of  other  spinal  cord  diseases,  all  chronic  lesiong  are  distinguished 
at  once  by  the  onset.  From  other  acute  diseases,  moreover,  the  dis- 
tinction is  only  difficiilt  in  the  early  stage.  As  soon  as  the  initial 
palsy  begins  to  lessen,  and  the  muscles  in  one  part  lose  faradic  Inita- 
liOily  and  begin  to  waste,  the  nature  of  the  case  admits  of  no  doubt* 
The  diagnosis  may  be  made  with  certainty  after  the  end  of  the 
first  week  by  the  electrical  reaction.  If  we  find  loss  of  faradic  irrita- 
bility, it  is  certain  that  the  charactenBtie  alteration  in  voltaic  irrita- 
bility will  follow.  The  isolated  induoed  shocks  should  be  used  instead 
of  the  serial  **  current,"  because  any  harmful  stimulation  of  the 
sensory  nerves  is  thereby  avoided.     (See  Diseases  of  the  Nerves.) 

Acute  transverse  myelitis  is  only  simulated  when  the  inflammation 
of  the  grey  matter  is  bilateral  uiiJ  so  intense  as  to  extend  to  the 
white  columns,  but  the  age  of  the  patient  generally  suggests  correctly 
the  nature  of  the  disease.  The  myelitis  of  childhood  is  polio-myelitis* 
The  pseudo -transverse  variety — polio-myeliiis,  transverse  through  its 
intensity — is  seated  in  one  of  the  enlargements,  usually  the  lumbar ; 
the  true  transverse  form  usually  occurs  in  the  dorsal  region.  Eeal 
difficulty  is  confined  to  adults,  in  whom  there  is  extensive  cervical  or 
lumbar  myelitis  involving  the  grey  matter.  In  young  adults,  polio- 
myelitis is  more  likely  ;  this  is  indicated  also  by  what  is  best  described 
as  a  regressive  onset  in  contrast  to  one  that  is  progressive.  In  the 
former  a  wide  extent  is  quickly  reached,  and  the  symptoms  then  tend 
to  lessen  j  in  the  latter  the  morbid  process  is  a  longer  time  reaching 
its  height ;  in  the  ftirmer  the  symptoms  clearly  show  that  the  most 
severe  affection  is  of  the  anterior  grey  matter ;  in  the  latter,  severe 
anesthesia  or  trophic  disturbance  usually  points  to  an  equally  intense 
lesion  of  the  other  parts  of  the  cord. 

The  separation  of  subacute  from  acute  myelitis  of  the  grey  substance 
is,  to  a  large  extent,  arbitrary.  The  symptoms  are  similar,  but  the 
onset  is  less  rapid  and  occupies  more  than  a  week.  The  distinction  of 
multiple  neuritis  is  from  the  subacute  rather  than  the  acute  spinal 
atrophies,  and  is  considered  elsewhere. 

The  diagnosis  from  paralysis  of  cerebral  origin  is  usually  easy.  In 
cerebral  palsy  there  is  never  loss  of  faradic  irritability  or  extreme 
muscular  wasting,  or  loss  of  ihe  muscle-reflex  action.  In  the  spinal 
affection  there  is  no  trace  of  the  mobile  spasm  that  is  common  after 
Infantile  hemiplegia.  Any  cerebral  symptoms  which  may  attend  the 
onset  of  polio-myelitis  are  subordinate  in  significance  to  the  state  of 
the  muscles  as  evidence  of  the  permanent  lesion.  Convulsions  at  the 
onset  of  infantile  spinal  paralysis  are  general ;  those  that  result  from 
a  cerebral  lesion  are  usually  unilateral  or  commence  locally.  The  chief 
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j^  vMng  te  the  prevcutioa  of  defonnities.    While  the  oon> 

W  ^ute^A  rubbed  upwards  thej  should  be  extended  gentlj 

m  m^m  ^  liiB  e&lf  muscles  are  shortened,  the  foot  should  be 

mjk  mmL  ^fNiards  wMIe  the  calf  is  rubbed.    A  slipper  with 

nfl  p4m  m  leaee-baiid  m&j  be  worn  at  night,  often  with  gieat 

1^  ^  <iMtioped  deformities,  due  to  great  shortening  of  the 

tt  bj  splints  or  tenotomy  is  usually  necessaiy, 
because  it  enables  the  patient  to  use  the  limb 
be  impossible  without  it. 

ms  luechauical  appliances  are  of  unques- 

QOfmtttneting  deformities   and  supplementing  weak 

liable  a  child  to  T^olk  who   could   not   do  so 

Nfc .  rkirii  liimt  %kL  and  power  is  often  increased  to  a  remarkable  extent 

^ »«.    la  all  these  cases,  however,  the  instruments  require 

•^^1^  Mjwotioti  aikd  ^lu^nitiou  to  adapt  them  to  the  changes  due  to 

^«*^^M^  Mkd  ^tienoe  is  rt^quired  in  the  management  of  these  cases 

un^aad  t«diouB  cotirBa. 

<mrTii  a  fiual  emphasis.     At  the  end  of  six  months  all 

«N!^  m  nmjt^y  completed,  and  certainly  at  the  end  of  a 

tUd  bv«c^me  a  cicatrix,  and  further  improvement  will  be 

•mtw  growth  of  the  muscle  that  has  recovered,  under 

^  ^m^^i^  j^  u^^     Secondly,  this  process  of  slow  improvement  as 

.^^MH^uC  «jev  wiU  go  on  for  years,— wHl  go  on  whatever  treatment 

%^^^lMi»  ktul  « higher  s|iecial  measures  are  employed  or  not.      The 

t  n^Wist  who  carries  ou  his  treatment  month  after  month 

^  hiA  achievement^  but  it  would  occur  equally  without 

'   .M  i%&  nature,  however,  aa  already  stated,  it  may  probably 

oed  by  some  contrivance  to  increase  the  influences 

roving  the  [jower  of  the  muscles. 

:ji^a^*i^ift  jlsd  Chronic  Atrophic  Spinai,  Paealtbib 

i^^HukCUTS   AND   CHRONIC    POLIO-MYELITIS). 

don  cases  have  been  described  of  a  miscellaneous 

_  |An4yms,  followed  by  muscular  atrophy,  comes  ou 

^_  t)i  iJte  acute  form,  its  development  occupying  from 

^        ^y«  in  the  cases  which  are  termed   "  subacute,"  and 

>9»   t^  W<k  ^M^*utUs  or  even  more  in   those  which  are  called 

%M^;i  oa»NS  included  under  this  name  differ  much  in 

%  a«»>l  ««  sometimes  described  as  '*  chronic  myelitis ;  " 

.^kM«  |>laced,  even  until  lately,  in  this  group,  are  forms 

„^fc*.     l|o«l  subacute  atrophic  palsies  are  due  to  nerve 

^  dl  rtNiiH?d,  which  present  symmetrical  palsy. 

^  ^  ^P^mJ  atrophic  paralysis,  in  which  the  onset  is  not 

W^Im^  tM  f<^^ur  classes. 
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(1)  Caaes  of  gulmcute  polio- myelitis  which  differ  from  tLe  acute 
fomif  alreadj  described,  only  in  their  less  rapid  deTelopment,  Thej 
proaent  the  lame  initial  general  disturbance  and  wide  diatribiition, 
and  the  same  recorery,  except  in  a  limited  region  in  which  muscular 
wBtftang  occurs.  Thej  are  thus  distinguished  from  poljueuritiBi  and 
also  bj  the  irregular  distribution  of  the  symptoms.  Most  of  the  suf- 
Ct»x«ra  bare  been  adults.  Little  is  known  of  the  exciting  « aiise  of  this 
form  further  than  that  it  oertikinlj  sometimes  foUows  exposure  to  cold. 
and  is  probably  BometLmos  the  result  of  a  toxiemic  influence.  Thir 
symptoms  and  general  history  of  these  cases  present  no  important 
difference  from  the  acute  form. 

(2)  Cases  are  met  with  that  differ  from  the  type  just  descrilxHl  in 
the  fact  that  their  course  is  progressive.  The  onset  is  subacute  or  sub- 
chronic,  occupying  from  a  fortnight  t<o  several  months,  but  instead  of 
arrest  followed  by  improvement,  the  more  or  less  rapid  onset  is  fol- 
lowed by  slower  gradual  increase^  until  at  last  wide- spread  chrom'c 
muscular  atrophy  is  developed.  Many  of  these  are  really  cases  of 
progiessiTe  muscular  atrophy  with  a  subacute  onset.  For  example,  I 
hftve  more  than  once  known  a  case  of  this  disease,  ultimately  typical, 
to  be^in  by  a  subacute  atrophic  paralysis  of  the  extensors  of  the 
wrists.  These  cases  will  be  considered  in  the  account  of  that  disease. 
Others  present  differences  from  that  malady  and  symptoms  of  more 
irregular  character,  which  show  that  the  lesions  are  distributed 
through  various  structures  in  the  cord,  and  these  must  be  regarded 
as  cases  of  chronic  myelitis  involving  the  auterior  comua.  This  form 
ulso  is  chiefly  confined  to  adults.  It  occasionally  results  from  cold. 
aad  sometimes  from  injur}^  as  a  fall  on  the  back.  Intemperance  and 
venereal  excesses  are  also  said  to  cause  it.  The  wide-spread  muscular 
atrophy  which  sometimes  results  from  lead-poisoning  is  probably  of 
this  nature.  The  muscles  at  first  present  the  degenerative  reaction. 
or  normal  faradic  irritability  with  increase  to  voltaism;  sometimes. 
however,  there  is  a  loss  to  both  faradism  and  voltaisuL  The  sphinctt^rs 
usually  escape.  In  many  cases  the  affection  exhibits  a  persistently 
progressive  character;  muscuhir  atrophy  slowly  increases  and  ex- 
t4md8,  until  the  case  ultimately  resembles  one  of  progressive  muscular 
atrophy,  and  the  patient  dies  at  the  end  of  ouc  or  two  years  frooi 
exhaustion,  or  from  interference  with  the  respiratory  movements.  In 
other  cases  the  atrophy,  after  slowly  progressing  for  mauy  months, 
beoomes  statiouary,  and  considerable  improvement  may  ultimately 
take  place.  This  course  is  seen  especially  in  tratimatic  cases.  Few 
obiearvations  on  the  pathological  anatomy  of  the  affection  have  been 

Oomil  and  Li'i'iue  found,  in  one  case,  at  the  end  of  four 
I,  softening  of  the  lower  part  of  the  spinal  cord,  chiefly  in  the 
anterior  comua,  disappearance  of  the  ganglion-cells,  increase  of  the 
connective  tissue,  and  sclerosis  of  the  white  substance  around  the 
anterior  horns. 

Tlie  diagnosis  from  the  first  form  rests  on  the  slow  onset  and  pn>* 
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AOim  ASCENDING    PARALYSIS. 

Asoending  paraljfiis*  wliich  comm6Doe»  in  the  legs  and  aacends  to 
muscles  of  the  trunk,  the  ftrmfl,  museles  of  the  neck,  the  diaphragm 
and  the  pharynx*  is  a  feature  of  tereral  diseaaes — meningeal  hienior- 
rliage,  ascending  myelitis,  &c. ;  but  it  occurs  also  in  oases  in  which  the 
spimai  cord,  after  death,  appears  healthy  to  both  naked-eye  and 
niicroBoopical  examination.  Such  caaes  hare,  howeyer,  certain  charac- 
teristic features  which  make  it  desirable  to  distinguish  the  condition 
from  other  diseases,  and  the  affection  ha,»,  therefore,  been  provisionally 
termed  '^  acute  (ucending  paralynt"  in  the  absence  of  any  eridence  of 
its  nature.  It  was  first  described  by  Landry  in  1859,  and  hence  is 
often  called  Landry' 9  paralygi$.  Acute  ascending  paralyais  is  a  most 
formidable  malady,  most  cases  proving  fatal  in  a  few  days.  Its 
Q&ture  is  mysterious,  but  recent  discoTenes  regarding  multiple 
neuritis  have  dtsclosed  instructiye  analogies  between  the  two  affec- 
tions. These  haTe,  indeed,  led  some  obsenrers  to  the  opinion  that  this 
amending  paralysis,  without  organic  central  lesion,  is  an  affection  of 
the  nerres.*  As  we  shiUl  see,  it  is  not  probable  that  this  opinion  is 
correct,  although  it  is  possible  that  the  nerrea,  as  well  as  the  centres, 
are  sometimes  affected. 

Causks. — The  etiology  of  the  disease  resembles,  in  general,  that  of 
acute  multiple  neuritis  more  nearly  than  that  of  any  other  affection. 
The  disease  affects  males  more  frequently  than  females.  It  oceuit 
eluefly  between  twenty  and  forty  years  of  age,  but  has  been  obwerred 
in  nkre  cases  In  older  and  younger  persons,  and  even  in  children. 
Some  sufferers  have  been  the  subjects  of  alcoholism.  Severe  exposure 
to  cold  has  been  the  apparent  cause  in  many  instances.  In  other  c&hcs 
the  disease  has  occurred  under  conditions  such  as  cause  toxemic 
stfttes*  or  after  the  occurrence  of  some  known  blood  disease.  Thus 
it  has  occurred  during  convalescence  from  some  general  disease, 
smallpox,  diphtheria,  typhoid  fever.  It  has  also  followed  inffuenxa 
a^d  fi^brile  diseases  of  obscure  nature.  In  these  cases,  it  »hould  be 
noted,  I  ho  ilisease  has  followed  at  an  interval  of  a  week  or  a  few  weeks. 
It  also  soDietimes  succeeds  some  traumatic  process,  such  as  a  wound, 
and  here  also  after  an  interval,  and  uauaUy  when  the  wound  was 
Apparently  healed.  I  have  known  it  thus  to  foUow  an  attack  of  pelvic 
oelluUtis  In  tlieso  respt-cts  it  cloMely  resembles  polyneuritis ;  and  it 
has  been  obscrvetl,  in  severe  form,  in  the  subjects  of  old  alcoholic 
Qfuritis.  Th**  disease  has  been  repeatedly  observed  in  the  subjects  of 
syphilis,  and  has  apparently  btt^n  arrested  by  the  treatment  for  this 
disease. t    The  circuniHtanoe  that  when  some  malady  or  woimd  pre- 

*  S^  Bo»«  Mild  Jiuljtofi  Bury.  *TrMt{t«  on  Peripbeyal  Neuritii.' 
t  Much  wei^lit  iliuuld  not  be  pkced  on  thU  fftOt  «•  proof  of  c«iim1  rptiitioii»lii|H 
u.««  (ftpArt  from  t\\t  fftlUcy  of  tndif>p«nd«nl  c«««ftt)oci)  it  U  probable  ikkftt  Ibv 
treatment  tH»t  it  elTerttvi!  it{;;«iri»t  tliD  virus  of  «yp}iiTia  U  •Xm  sHectivv  AgaJnit 
blood-slAlM  UmL  il«|»auil  ou  ngont*  of  tuuiiftr  u»turt* 
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not  until  aH  paralytic  sjmptoms  have  disappeared  has  ihe  kne<?* 
jetk  returned. 

In  spite  of  the  early  flaccidity  of  the  muacles,  if  life  is  prolongod 
tJiej  rart^lv  present  either  wasting  or  change  in  electrical  irritability. 
A  trifling  reduction  in  size  may  occur,  but  there  is  no  muscular  atrophy 
BQch  aa  occurs  in  polio- my elitis.  and  even  after  several  weeks  the  most 
careful  examination  fails  to  reveal  any  abnormal  dectarical  reaction — 
a  TB17  important  feature  of  the  disease.  Exceptional  cases,  which  do 
protont  the  degeneratiTe  reaction  in  the  muscles,  seem  more  closely 
allied  to  a  universal  poUo-myelitis^  from  which,  indeed,  this  diaeaae 
cannot  be  sharply  separated.  The  sphincters,  moreover,  escape  in  the 
Ta»t  majority  of  cases,  but  not  in  all.  There  is  no  tendency  to  the 
oocurrence  of  bedsuret.  The  cerebral  functions  are  not  usually 
involved,  and  the  state  of  the  patient  who,  with  unimpaired  intellect, 
cannot  express  himself  either  by  speech  or  gesture,  is  painful  in  the 
extreme.  In  exceptional  cases,  however,  there  is  mental  dulness  or 
alight  delirium,  as  if  from  the  iuBuenoe  of  a  blood-state  on  the  brain. 
In  girls  this  may  take  the  form  of  hysterical  manifestations^  by  which 
the  nature  of  the  disease  may  he  masked. 

Ab  a  rule  there  is  no  elevation  of  tempterature.  even  during  the  rapid 
defvelopment  of  fbe  symptoms,  but  in  one  or  two  cases,  which  were  not 
fatal,  brief  pyrexia  att^^nded  the  onset,  and  in  a  few  others  moderate 
febrile  disturbance  (2^  or  8*)  occurred  at  a  late  period.  Profuse 
sweating  has  been  occasionally  noted.  Enlargement  of  the  sple^'u 
(first  noted  by  Westphalj,  sucb  as  occurs  in  other  acute  disease!*  it 
rerj  f  reijuent. 

Thus  the  chief  feature  of  the  disease  is  an  almost  purely  motor 
paralysis,  progressive  in  character,  with  relaxation  of  the  muscles 
daring  the  acute  stage  of  the  disease.  It  usuaUy  has  an  ascending 
course,  but  irregular  cases  are  met  with  in  which  the  order  of  invasiou 
is  varied.  Thus  the  arms  are  occasionally  involved  before  the  legs, 
the  diaphragm  before  the  intercostals ;  the  bidbar  symptoms  have 
been  known  to  precede  the  others,  and  I  have  seen  them  reach  a  high 
degree  with  a  fatal  involvement  of  the  cardiac  centre  before  the  upp!  r 
miisc*cs  of  respiration  were  affected*  or  the  hands  quite^  powerless. 
Analogous  ca^es  have  been  recorded  by  others »  the  special  features 
and  course  being  those  characteristic  of  the  disease,  In  some  cases, 
howerer,  of  irregular  course,  changes  have  been  found  in  the  electri* 
uritaUlity  of  the  muscles;  it  is  probable  that,  in  such  cases,  the  peri- 
pheral nerres  are  affected,  although  we  cannot,  on  this  account,  at 
present  separate  these  from  the  typical  cases  of  the  disorder — a  point 
that  will  be  explained  in  connection  with  its  pathology. 

The  disease  varies  considerably  in  the  rate  of  its  progress.  It  may 
run  its  course  and  end  fatally  in  forty-eight  hours.  Death  osnallv 
results  from  either  respiratory  or  cardiac  paralysis — the  latter  in  the 
cases  of  irrag'al&r  course,  A  large  proportion  of  tbe  fatal  cases  last 
loss  than  a  week.    On  the  other  hand«  the  disease  may  only  attain  its 
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cfidnf\  the  disf:i-<-',  ih..  ; 
surprise  at  tin-  iuci  \\..  , 
to  which  th«i  <Jis<.-as.'  • 

Symptoms.  -  Pr.-iii  ; 
—  <^('i\orid  in;il;MS«'.  j-iii. 
1i«-s     i'f»r  a  IVw  chiv-    ... 
Hvnipfoiii  is  nsiuillv  ... 
and  Kproacliii;:^  to  tho 
tin'  [)<)\\XT  of  pfmiiliji-.. 
tln'  riid  of  two  ur  f!ij 
nl.ixatioii  of  the  run--  ' 
ol"  Iho  trunk  bornni«- 
tln'ii  of  tho  tlioruY.      I  . 
up[)<T  arm  iniisch?s  « 
alli««'ktMl,   and  t>iie  ;n' 
pju'iilvsis  of  tho  arrii<  . 
Boiiie   jK.»wor  of   inov<T 
iiiusrlos  th<'ii  sTiiTer,  nvi  ' 
^^i:ll  piinilvsiH  of  th'» 
dillicnlt,  nasal,  and  in! 
so  ^H'al  that  the  pat  it 
Ivsis  inii\  iiiVi>lvo  tlu' 
iitl<'r;mi»'  may  bo  alt"*.  ■ 
liiiin  \hv  wi'akiioss  <»!'  '  . 
A\  iili  (lu»  n-spiratory  ..  . 
also  Ih'  iiivolvt'd.     Tl  ■ 
lini.-lion;il    relations  ; 
iiiuv.I.N  ,.f  artiv'iilar"  ■ 
In   r.i:«'  va^'s  \\\c  v\- 
ri.,m!\>tt'd  only  as  I- 
til  •  pupils.  ini]i:urod  • 

rin'  tiiii:liii J  and  ::'■ 
\>.-'\"\\'  >\,  '.:i  .s.  iini-  vM-  - 
o!    : !;.    iv.';sv-!os.  l»ut  ;• 
::    ::::i  Ir  noi:r::i>;.     T 
I  \*  'i  ::■.'•  iis,    \w*    :1«,  •• 


\  I    ■    . .  ■  \  \\ "  . 


■u':^  do: 


-.    .  -wiu  iouT  weelcB.    In 

vr.  -?  paralysis  of  the  limbs  has  not 

.    i^iu  -rfitension  of  the  paralysis  to  a 

.^  .M  spread,  and  the  limbs  last  and 

. •ef-    A  patient  may  lie  for  day« 

.  -^/ttiora  little  respiratory  power. 

<  A  rule,  the  order  of  recoyery  of  the 

.   zieiT  mrasion.     In  fayourable  cases 

H,ow:   two  or  three  months  often 

^Ti/  disappears.     Occasionally  ther» 

.=M«.  .uid  the  patient  has  been  wt- 11  in  a^ 

-.^  ^d  sidlled  examination  has  often^ 
.r.u::uice  in  the  spinal  cord«  neryes,  o; 
.  ^  jMi  with  occasionally,  haye  probabi; 
..i  o£  life.    In  other  cases,  apparentli 
^jcn^iasiDt  has  been  found  in  the  gre.^— 

e  vE  which  is  increased  by  leucocytaH 

>.^^    Changes  in  the  ganglion-cells 
.^   'xea  found,  swelling  and   bl 
jA  jiMu  paid  to  the  peripheral 
.jtf  jiuLo^^es,  both  parenchymatous  andi 
.  jL  Uwm.  but  only  in  exceptional  caseSi., 
.  -.4}  play  no  part  in  the  tjpical  disease. 
^  .c.    In  addition  to  the  enlargement  o 
.  uLd  found  also  after  death,  the  mesen 
.  iwoiien,  and  also  the  closed  follicles  o\ 
^«  been  found  in  the  glands, J  an 
Q^^ntTBi  yielded,  in  one  case,  a  bacill 
.  ^ith.  that  of  splenic  feyer.§    Other— 
jMiii  without  success  in  all  cases 

jx  conjunction  ¥rith  the  oonditions  under 

.-^  with  the  course  of  the  malady,  hare 

luihienoe  acting  on  the  nerye-centres ; 

.  iitmi  the  discoyery  that  acute  swelling 

mL  4t  the  lymphatic  glands  not  raie^ 

i  blood-state.    The  limitation  by  fonc- 

4  «L  f.  that  of  accommodation,  supports 

MM  paralysis  of  functional  centra,  not 

jton.  is  known  only  as  a  consequence  of 

timiation  is  afforded  by  the  fact  that 

«  Mrtainlr  due  to  a  toxmmia,  may  run  a 

4»an4l  Matw.  l&iilov  and  Ewing. 
4  Woch«iuciir,'  1600^  No.  3& 
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nmilar  coarse.  It  has,  indeed^  been  conjectured  that  the  nerrea  are 
alwaj0  the  ttnictures  impaired,  but  this  eiclusive  view  is  disproyed 
hr  the  normal  state  of  the  nerveB  in  cases  in  which  the  grey  substance 
of  the  spinal  cord  has  been  found  to  be  changed  and  by  the  common 
absence  of  altered  excitability  of  the  muscles,  siuoe  the  motor  nerves 
•eem  never  to  escape  invariably  in  peripheral  neuritis  of  any  variety, 
honrever  common  theu"  freedom  from  affection  in  the  type.  But  the 
nervea  suffer  also  in  some  cases,  and  there  seem  to  be  gradations  to 
the  <^«es  of  acute  multiple  neuritis  of  ascending  course  deecrihed  at 
p.  162.  All  the  facte  point  to  the  conclusion  that  the  disease  is  duo 
to  a  toxin  which  hae  a  specific  action  on  the  motor  ntnirons  in  the 
Bpioal  cord,  chiefly  on  the  anterior  grey  matter,  sometimes  also 
affecting  the  motor  nerve-fibreR  proceeding  from  them.  Sometimes 
it  has  a  wider  influence  on  the  spinal  cord,  and  its  effects  can  be 
traced  into  the  white  subsiance  or  the  posterior  horns,  possibly  as  an 
extension  of  the  inflammatory  changes  it  induced.  These  are  similar 
to  thoee  that  attend  any  acute  disturbance  of  function;  the  toxic 
influence  is  mysterious  in  nature  and  origin,  but  seems  to  resemble 
that  which  causes  polio-myelitiH,  in  which  the  morbid  process  presents 
filiations  and  may  also  involve  the  nerves.  The  toxine  may  be  pro- 
dneed  by  the  agency  of  bacteria^  but  the  evidence  of  this  is  incon- 
clusive ;  some  ca«.s  have  followed  exposure  to  cold. 

DiAOBfosis. — The  disease  is  recognised  by  the  rapid  developmont  of 
paralysis,  usually  but  not  invariably  aacendinsj,  with  i-elaxation  of  the 
muscles,  and  with  loss  of  reflex  action,  without  considerable  pain  or. 
generally,  any  loss  of  sensation,  and  if  the  patient  survives,  without 
wasting  of  the  muscles  or  change  in  electrical  irritability.  The  latter 
characteristic  distinguishes  the  disease  from  acute  atrophic  paralysis, 
while  the  absence  of  pain  in  the  back  and  of  spasm  is  a  distinction 
from  meningeal  haemorrhage.  The  diagnosis  from  general  ascending 
myelitis  haa  been  already  considered;  it  rests  especially  on  the  in- 
volvement of  all  the  functions  of  the  cord  in  inflammation.  The 
distinction  from  multiple  neuritis  has  been  mentioned  in  the  account 
of  that  disease  (p.  174),  but,  it  may  be,  is  not  always  absolute,  sinre 
the  nerves  probably  suffen  as  well  as  the  cord,  in  some  cases  of 
ascending  pandyaia.  further,  the  cases  of  multiple  nenritis  simulating 
ihlM  affeetion,  Uie  nature  of  which  has  been  demonstrated  pathologi- 
cally, have  ntually  run  a  more  prolonged  course,  several  weeks  or  even 
months.  The  distinction  from  polyneuritis,  founded  on  the  course  of 
the  naoending  form,  is  subject,  however,  to  the  reservation  that  while 
to  the  arm  through  the  trunk  is  a  feature  of  the  oentml 
this  is  not  excluded  by  a  more  irregular  course,  and  the 
character  of  the  individual  symptoms  must  be  taken  into  consideration 
(see  also  p.  429). 

PaoOBrosis. — ^The  affection  is  one  of  extreme  gravity.  The  danger 
to  life  is  in  proportion  to  the  interference  with  respiration  and  wiiii 
the  functions  of  the  medulla  oblongata  especially  witli  the  Cardiac 
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oantre,  and  also  to  the  rapidity  with  which  the  palsy  comes  on.  But 
the  oases  which  develop  with  comparative  slowness  are  not  devoid  of 
danger.  Even  when  the  symptoms  only  reach  their  height  at  the  end 
of  three  or  four  weeks,  death  may  occur  in  the  same  way  as  in  the 
moi«  rapid  ca^es.  On  the  other  hiiiid,  recovery  has  been  known 
althongli  the  patient  has  lost  all  power  of  motion  at  the  end  of  the 
second  day.  The  danger  is  great  as  long  as  the  symptoms  are  in- 
creasing, and  only  when  distinct  improvement  can  be  recognised  is  it 
justifiable  to  anticipate  recovery.  The  earlier  the  bulbar  symptoms 
ai»ljear,  the  more  serious  is  tlieir  significance.  Mental  symptoms  also 
increase  the  gravity  of  the  prognosis,  as  they  usually  indicate  a  severe 
blood-change,  the  effects  of  which  on  the  nervous  system  are  likely  to 
reach  a  hi^jh  degree. 

Treatmknt. — During  the  early  stag©  of  an  attack  of  acute  ascend- 
ing paralysis,  in  the  absence  of  other  indications,  the  ti*eatment  should 
be  that  Buif4ible  for  myelitis,  since,  at  the  onset,  the  diagnosis  between 
the  two  diseases  can  never  be  certain.  A  warm  bath,  or  still  better, 
a  vapour  bath,  should  be  given  if  the  symptoms  followed  exposure  to 
cold.  It  should  be  followed  by  counter-irritation  over  the  spine  by  a 
long,  narrow  mustard  plaster.  More  energetic  coimter-irritation,  even 
the  actual  cautery,  has  been  recommended.  The  body  should  be  kept 
in  as  perfect  rest  as  possiWe,  and  on  the  side  rather  than  on  the  back, 
tn  very  few  cases  have  drugs  appeared,  to  exert  any  influence  on  the 
course  of  the  disease,  and  the  malady  is  so  rare  that  experience  accu- 
mulates slowly.  Salicylate  of  soda  seems  to  deserve  a  trial  in  cases 
that  follow  exposure  to  cold.  Ergotin  has  been  given,  and  one  case  in 
which  it  was  used  deserves  special  mention.  The  patient  was  a  man 
aged  fifty-seven,  who,  a  week  after  exposure  to  cold  and  wet,  com- 
plained of  a  feeling  of  weight  and  weakness  in  the  l^s  ;  the  temperature 
rose  t.o  103"^;  the  loss  of  power  gravlually  became  complete  in  the  legs 
and  siu'rnd  to  the  arms,  without  loss  of  sensation.  At  the  end  of  the 
tecond  day  there  was  difficulty  in  swallowing,  in  articulation,  and  in 
breathings  and  death  seemed  near,  Ergotin  was  given  every  hour, 
ujjd  durmg  the  nigLit  the  patient  took  twenty  grains.  In  the  morning 
the  bulbar  symptoms  were  better,  the  arms  stronger,  and  there  was  a 
trace  of  motor  power  m  the  legs.  The  patient  rapidly  improved,  and 
at  the  eud  of  a  week  wa«  well.  If  swallowing  becomes  difficult,  care 
tnuwt  be  taken  to  administer  a  sufficient  amount  of  nourishment,  either 
liy  the  rectum  or  by  the  nasal  tube.  A  few  cases  have  been  recorded 
ill  (MUMons  who  had  had  syphilis,  in  whom  arrest  of  the  disease  followed 
the  j(dniiniHlration  of  iodide  of  mercury. 

The  chief  lesson  of  modem  research  is  certainly  that  we  must  look 
fit!"  tbo  means  of  effective  treatment  to  the  neutralisation  of  the  toxic 
mllueiioe  on  which  the  malady  apparently  depends,  but  at  present 
Ui>thnig  has  been  ascertaine<i  regarding  antidotal  agents  avaiLible  in 
the  iii'ittelv  jw-tive  stage  of  these  loxaemic  states.  It  is»  however,  pro- 
bable that  mercury  is  capable  of  doing  good,  and  that  when  the  causa- 
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tion  h  obscure,  and  the  disease  deyelops  alowlj  enongli  to  permit 
mercurial  treatment,  it  is  wise  ta  adopt  this  irrespective  of  the  fact  of 
preceding  syphilis.  In  cases  that  follow  traumatic  lesions,  especiallj 
if  there  haTe  been  any  indications  of  septicaemia,  full  doses  of  per- 
chloride  of  iron  offer,  I  believei  the  best  meana  of  destroying'  thu 
activity  of  the  blood-state.  The  general  and  local  treatment  should 
be  the  sama  as  in  acute  myelitis. 


PARALYSIS  FROM  LESSBNED 
SURE;  DIVERS'  PAR  A  LYSIS  i 


ATMOSPHERIC  PRES 

CAISSON    DISEASE* 


Divers,  and  especially  those  who  work  in  caissons,  at  such  a  depth 
beneath  wat^T  that  they  are  exposed  to  considerable  pressure,  may  be- 
come paralysed  aoou  after  their  return  to  the  aurface,*  Apoplectic 
attacks  and  hemiplegia  also  sometimes  occur,  sometimes  transient 
mental  disturbance,  or  deafness,  or  bleeding  from  the  nose,  but  para- 
lysis of  the  lej^'s  is  by  far  the  moat  common  effect,  and  it  is,  tlierefore, 
clear  that  the  ypiual  cord  suffers  in  greater  degree  than  any  other  part 
of  the  nervous  system.  Miners  have  been  said  to  suffer  ako,  but  this  is 
doubtful,  because  a  pressure  equal  to  at  least  an  additional  atinusphere 
seems  necessary  for  the  production  of  the  symptoms.  Most  of  the 
subjects  of  the  disease  have  worked  at  a  depth  of  from  forty  to 
ninety  feet  below  the  surface  of  water,  and  under  a  pressure  of  two 
to  four  atmospheres.  In  the  extensive  works  involved  in  laying  the 
foundations  of  bridges,  in  which  many  men  have  been  employed,  a 
considerable  proportion  of  the  workers  have  suffered  in  some  measure ; 
but  severe  degrees  of  affecl  ion  are  rare,  because  the  conditions  under 
which  they  occur  can  l>e  avoided.  They  only  occur  in  those  who  have 
been  exposed  for  more  than  a  certain  time,  which  is  the  shorter  the 
greater  the  pressure.  At  a  depth  of  ninety  feet  beneath  the  surface 
immunity  from  severe  symptoms  (and  commonly  from  all  symptoms) 
ifl  obtained  by  reducing  the  periods  of  work  to  an  hour.  The  danger 
IB  greater  in  those  who  have  had  several  previous  periods  of  work  on 
the  same  day,  and  especially  if  slight  symptoms  have  been  experienced 
after  one  of  these.  It  is  also  greater  in  those  .unaccustomed  to  the 
conditions.  I  have  met  with  one  caso  of  hemipl^ia  in  a  diver  after 
only  half  an  hour's  work  in  a  well  at  ninety- six  feet,  but  the  mim  had 
been  dovm  twice  before  with  only  intervals  of  rest  of  half  an  houi\ 
and  the  attack  passed  off  in  the  course  of  an  horn*.  In  another  case 
paraplegia  occurred  after  working  for  an  hour  under  only  fifty  feet  of 

•  S^ee,  On  tlijj  tnbjdct,  Biibiiigtoa  and  Cuthbert,  '  Duhl.  Quart.  Journ./  1863, 
p.  M2  (cases  it  LQudoiiderrir) ;  Kndj^  ^  Mt-d.  TtmiiB  and  Q&x.,'  1871,  p.  291  (caa4» 
ftt  8t.  Louit);  Ley  den,  *  Arch,  f,  Psjcbklnep'  ix^  Heft  2;  aad  Moxon,,  'Lancet/ 
1861.  ii.  529. 
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water,  bat  the  man  h&d  worked  on  the  preceding  daj  &t  a  depth  o! 
one  hundred  and  twenty  feet  below  the  surface.  It  is  evident,  there- 
fore, that  the  power  of  resisting  the  dangerous  influence  varies,  and 
that  predisposition  to  siiffer  iimy  be  caused  hj  the  conditions  which 
also  induce  an  attacV. 

It  i»  not  during  exposure  to  the  abnormal  conditions,  but  on  return- 
ing to  the  normal  atmospheric  pressure,  tliat  the  Bymptonia  come  on ; 
often  immediately,  and  always  within  half  an  hour  or  at  most  an  hour 
of  the  return  to  the  fiurface.  The  onset  ii*  usually  preceded  by  otlier 
symptoms,  and  especially  by  pains  in  the  ears  and  in  the  joints.  The 
latter  are  very  common,  and  oct-ur  after  a  much  slighter  degree  of 
exposure  than  is  needed  to  produce  paralysis.  They  are  felt  chiefly  in 
the  larger  joints,  and  may  continue  for  days  and  eren  longer.  Very 
rarely  there  is  also  swelling  of  the  joints. 

The  deafness  oocsisionally  observed  haa  been  usually  bilateral »  often 
persisting  in  one  ear.  but  passing  away  in  the  other.  It  has  even  been 
attended  by  severe  vertigo.  The  severer  degree  has  been  ascribed  to 
hfiemorrhage  into  the  labyrinth,  but  no  pathological  facts  are  at  prenent 
available. 

It  is  important  to  note  the  conditions  under  which  the  symptoms 
come  on.  Not  only  do  those  who  are  unused  to  such  work  seem 
es^iecijilly  liable  to  suffer,  but  there  are  aiao  considerable  individual 
variations  in  the  degree  of  liability. 

Paraplegia  or  hemiplegia  may  occur,  but  the  former  is  far  more 
common.  The  onset  of  the  paralysis  is  sudden.  The  legs  feel  heavy 
and  are  found  to  be  weak,  and  in  a  few  minutes  the  patient  is  unable 
to  move  them.  Sensation  is  often  lost  as  well  as  motion,  and  in  all 
severe  cases  the  sphincters  are  affected.  The  arms  are  seldom 
involved.  In  slight  cases  the  loss  of  power  is  incomplete,  and  one 
leg  may  be  more  affected  than  the  other.  The  impairment  of  sensa- 
tion is  often  imperfect  or  irregular.  If  the  paiulysis  is  incomplete 
the  power  may  return  in  the  course  of  a  few  days,  but  in  severe  cases 
the  palsy  usually  lasts  for  weeks  or  even  months,  and  it  may  be 
|>ermanent.  Death  may  occur  at  the  end  of  a  week  or  more,  in  the 
samt^  way  and  from  t  he  same  causes  as  in  acute  myelitis.  When  tlie 
]  paralysis  is  hemiplegic  it  is  generally  moderate  in  severity  and 
transient,  passing  off  in  a  few  hours  or  days.  It  may  be  even  still 
tuore  brief,  as  in  the  caw  referred  to  above,  in  which  a  diver,  after 
half  an  hour's  work  ninety- six  feet  below  the  surfaoe,  suddenly  felt 
tingling  across  his  loins,  and  that  his  right  arm  and  leg  were  almoiit 
powerless ;  in  half  an  hour  he  had  recovered  sufficiently  to  walk  home- 
If  cerebral  symptoms  are  more  intense,  they  are  generally  very  severe 
T\ith  sudden  loss  of  consciousness,  continuing  aa  deep  coma^  irregolai 
breathings  and  indications  of  cardiac  pai-i  lysis  Such  cases  UBuallj 
end  in  death  in  the  course  of  a  few  hours. 

Pathol^oy.^ — The  most  probable  explanation  of  these  cates  ascnbei 
them  to  the  escape  from  the  blood  of  gases,  with  which  it  has  beooma 
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charged  dTirmg  the  exposure  tx>  tlie  high  presatire.  It  is  certain  tihot 
a  great  eic«s8  of  gas  must  be  dissolyed  in  the  blood  during  the  expo- 
sure, and  that  the  amount,  at  least  of  oxygen  and  of  carbonic  acid, 
oontaijied  in  the  blood  when  the  person  emerges  from  the  caisson 
mucFt  be  vastlj  greater  than  normal.  It  must,  moreover^  be  greater 
the  longer  the  exposure,  since  the  absorption  of  the  exoese  will  be 
a  gradual  process,  taking  place  through  the  lungs  in  respiration,  but 
it  will  be  more  rapid  as  the  presiure  is  greater.  These  conditions 
agree  with  observed  facts.  After  returning  to  the  normal  atmoBjjheric 
pressure,  the  excess  of  gas  probably  passes  off  gradually  by  the  lungs 
in  mast  instances ;  but  if  extreme,  gas  may  escape  from  the  blood 
within  the  body  The  occurrence  of  this  has  been  proved  experimen- 
tally (Hoppe-Seyler  and  P.  Bert).  Gas.  so  escaping,  is  no  doubt 
quickly  reabsorbed,  but  must  exert  a  pressure  capable  of  arresting  the 
function  of  the  structures  of  the  nervous  system.  If  abundant,  it 
may  oonc<?ivably  rupture  these.  Further,  the  special  effect  on  the 
nerve-centjfes  may  be  connected  with  the  position  of  these  within 
cavities  that  are  practically  closed.  These  conditions,  coupled  with 
llie  extremely  circuitous  course  of  the  blood  from  the  cord,  may 
explain  the  incidence  of  the  effects  on  the  nervous  system. 

The  few  ascertained  facta  liarmonisa  with  this  pathology.  Such 
escape  of  gas  has  been  proved  to  result  from  diminution  of  the 
atmospheric  pressure,*  In  many  cases  no  visil)Ie  lesions  have  been 
foimd,  and  it  is  obvious  that  gaa,  widely  effused,  may  exert  dangerous 
pressure,  and  yet  may  be  s{H,'edily  removed,  so  that  no  indication  may 
remain  of  the  cause  that  has  completely  arrested  function. 

It  was  once  thought  that  the  symptoms  were  due  to  local  hcBmor- 
rhages,  but  extra vaaations  are  seldom  met  with,  even  in  the  results  of 
experiment,  and  it  is  oertidn  that  they  take  but  a  trifling  part  in  the 
production  of  symptoms.  The  only  positive  pathological  observation 
agree«  with  the  opinions  above  stated.  Lejdenf  found  (in  a  case  of 
diaracteriatic  paraplegia)  small  irregular  fissures  in  the  mid-dorsal 
region,  chiefly  within  the  posterior  and  hinder  parts  of  the  lateral 
column.  The  fiBsui*e8  were  filled  with  round-cells,  but  contained  no 
red  blood-corpuscles,  and  from  their  well- defined  edges  they  wt^re  cer- 
tainly not  produced  by  the  infiltration  of  the  cells  found  within  them. 
The  only  explanation  that  is  satisfactory,  or  in  any  harmony  with 
their  features,  is  that  they  were  produced  by  the  suddea  esca|:>e  of 
gas,  and  were  afterwards  occupifHi  by  the  round-cells,  J  The  physical 
firmness  of  the  cord  is  far  less  in  the  dorsal  region  than  in  the  en- 
largement's ;  and  probably,  as  Ley  den  suggests,  this  is  the  reason  why 
the  dorsal  region  suffers  structural  damage  from  the  escape  of  gas 

•  Hoppe-Seyler,  'MQller**  Arehiv/  1887  ;  P.  Bert.  *  Comptea  Rend.,*  1871-2. 

t  •  Areh.  f.  PsychV  ix.  Heft  2. 

X  Th«  cliniciil  cotiditiou  of  tranaient  hemiplegia,  wbicla  has  beeu  ob«enred  in 
rmpjemB  as  occurring  during  irrigation,  and  thought  by  aome  to  be  the  ressnU 
of  nir  nr  gas  embolltm,  may  be  of  limilar  nature. 
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ihMk  other  parts.  It  ia  evident,  however,  that  mich  eecape  mn ; 
iMOur  in  the  bram,  for  instance,  even  to  a  fatal  degree,  and  leave  no 
tmces  unlets  it  occnrs  so  rapidly  a^  to  cause  laceration  of  the  tissue. 
ThB  nbnenee  of  hamorrhage  of  the  ordinary  chara-ct-er  iimy  be  further 
«ipkmed  by  the  fact  that  the  effused  air  will  resist  the  effusion  of 
blood.  Some  other  anomalous  features,  such  as  the  transient  cha- 
moter  of  the  symptoms  in  some  oases,  are  also  explained  by  the  peculiar 
nature  of  the  lesion,  which  may  exert  a  wide>8pread  and  considerable 
mMuence,  and  in  a  short  time  may  have  vanished  by  the  reabsorp- 
tion  of  the  compressing  air.  Heemorrhage  must  be  regarded  as  an 
accidental  consequence,  and  the  production  of  such  fissures  as  w»i?re 
found  by  Leydea  may  not  be  a  necessary  part  of  the  lesion,  even  in 
grave  cases  The  mechanical  effects  of  the  gas  may  be  considerable, 
and  arrest  the  function  of  the  nerve-elements,  without  the  passage  of 
the  gas  outside  the  capillary  vessels. 

The  fact  that  tlie  spinal  cord  suffers  more  than  other  organs  maj 
be  partly  due  to  the  plexuses  through  which  the  blood  can  return  onljr 
slowly  to  the  lungs,  where  its  relief  from  the  surcharge  of  gas  is  effected. 
The  same  considerations  apply  to  the  brain.  In  both  organs  tha 
escape  of  air  is  more  instantJy  disastrous  than  elsewhere,  and,  indeed^ 
may  not  only  occur,  but  act  in  a  peculiar  way,  on  account  of  the  posi- 
tion of  the  organs  within  chambers  that  are,  to  a  largo  degree,  closed. 
Thtj  roiitUtioiiB  are  too  complex  to  permit  us  to  follow  them  in  detail, 
or  analyse  fully  the  mechanisms  that  determine  the  effect  on  the 
nerve- centres.  The  escape  of  the  excess  of  gas  in  the  lungs  can  only 
tjike  plaoe  gradtmlly.  as  successive  quantities  of  the  surcharged  blood 
pass  through  the  capillaries  of  the  air-ceils.  If,  in  consequence  of  the 
ilownesa  of  the  circulation  in  the  cord,  any  escape  of  air  occurs  in  its 
oapillarios,  tlie  effect  of  this  will  be  atill  further  to  hinder  the  local 
oiroulation,  aii*l  to  favour  the  further  escape  of  gas.  In  this  way  we 
are  able  to  discern  something  of  the  mechanism  which  determines  the 
SfKMiial  affection  of  the  spinal  cord.  The  less  the  external  support  the 
IciH  will  be  the  resistance  to  the  escape  of  gas,  and  the  incidence  of 
thi*  Itiiiiou  on  the  post^jrior  part  of  the  cord  may  be,  in  part  at  least, 
dcti>r mined  by  the  ivdoptioa  of  the  recumbent  posture  when  the  first 
symptoms  are  perceived, 

At  L!it>  onset,  when  the  first  symptoms  are  experienced,  it  is  probable 
thai  a  return  to  a  greater  d^ree  of  pressure  might  arrest  the  develop* 
m«&ut  of  the  mischief.  It  is  certain  that,  in  all  cases  of  exposure  to  a 
lugh  degree  of  pressure,  the  transition  to  the  normal  pressure  should 
ba  made  gradually.  When  developed  symptoms  indicate  that  a 
definite  lesion  of  the  cord  has  occurred,  the  further  treatment  must 
Im  iu>nduck*d  on  the  same  principles  as  in  acute  myelitis — the  morbid 
prooess  iliat  has,  in  fact,  been  set  up. 
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EL^MOERHAGE   INTO  THE   SPINAL   CORD; 

HiEMATOMYELIA, 

Primarj  liseiiiorrliage  into  tie  spinal  cord,  stiMeient  to  cause  aym- 
ptoms,  is  a  verj  rare  dlseasei  and  it  is  qy&ii  more  rare  than  ie  snggested 
by  tliB  cases  now  and  then  recorded  as  Buch.  We  have  already  seen 
that  hi&morrhage  mav  accorapany  myelitis ;  a  considerable  extravasa- 
tion may  occur  when  the  inflammation  is  only  commencing,  during  the 
state  of  congestion,  and  while  the  symptoms  are  slight  Such  cases 
are  easily  mistaken  for  primary  hsemorrhage.  Tb©  risk  of  error  is  not 
always  removed  by  pathological  eiaminafion.  Inflammation  results 
from  hauiorrhage,  and  when  indications  of  myelitis  are  found  about 
a  clot,  it  may  be  impossible  to  say  whether  these  are  primary  or 
secondary.  It  is  probable  that  many  cases  of  secondary  myelitic 
haemorrhage  have  been  regarded  and  described  as  primary,  and  it  is 
possible  that  a  few  cases  of  primary  hiemorrhage  have  been  regarded 
as  secondary.  One  writer,  Hayem,*  goes  so  far  as  to  deny  the  occur- 
rence of  f>rimary  non-traumatic  hsemorrhage ;  but  such  an  eiclusivp 
view  is  unwaiTauted,  It  is  certain,  however,  that  the  history  of 
primary  haemorrhage  has  been  largely  written  from  uncertain  data, 
and  "will  need  eitensive  revision  when  a  sufficient  number  of  exact 
observations  have  acctunulated.  It  is  probable  that  the  causal 
influences  constitute  the  surest  guide.  When  haemorrhage  occurs 
under  conditions  which  usually  induce  myelitis,  the  extravasation 
must  be  regarded  as  the  result  of  the  vascular  disturbance  of  com- 
mencing inflamnmtion. 

ETiOLOoy. — The  rarity  of  h©morrbage  into  the  cord  is  especially 
great  in  comparison  with  the  frequency  of  hsemorrhage  into  the  brain. 
The  difference  probably  depends  on  the  tortuous  and  long  course  of 
the  arterial  path  to  the  cord,  whereby  the  vessels  are  preserved  from 
the  high  pressure  which  is  the  chief  cause  of  the  degeneration,  dilata- 
tion, and  rupture  of  the  cerebral  arteries.  MiHary  aneurisms  are  nut 
found  within  the  spinal  cord.  Heemorrhage  is  far  more  common  in 
males  than  in  females.  It  may  occur  at  any  age,  and  has  been  met 
with  in  young  children,  even  so  early  as  seven  mouths,t  while  some  of 
the  subjects  have  been  in  advanced  life ;  but  it  is  most  common 
between  twenty  and  forty,  i.  e,  during  the  first  half  of  adult  life. 
Many  cases  occur  in  young  adults  apart  from  injury  or  obvious 
exciting  cause,  and  apart  also  from  initial  myelitis,  which  accounts, 
however,  for  some  of  tbe  cases.  It  has  been  met  with  as  a  conse- 
quence of  a  hoBmorrhagic  tendency,  as  in  a  case  in  which  it  Bucceeded 

•  •  Be*  H^mornigiea  Ultra -roch id ieiiiiei,'  pHrin,  1872. 

t  CUfFord  Allbutt,  '  Latic-et/  1870,  vol.  li,  p.  84.  Numeroiii  hnmorrfaages  wer« 
observed  in  the  grey  matter  of  the  Itiinbar  »nd  cervical  enlarjiennenti  (probjiblj 
pulio- myelitic,  bin  occumng  th«  daj  after  a  faU)  in  a  child  of  four  by  Chaffej 
(•  Pith.  Trati».,'  1SS5). 
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0(  iutnediate  causes,  injury  is  the  most  frequent,  ©specially  falla 
involve  a  severe  concussion  of  the  spine ;  the  spinal  column  may 
ky  not  be  injured  at  the  same  time.  Over-exertion  and  exposure 
Bv^  to  rare  eaaea  preceded  the  onset.  Chronic  alcoholism  and 
ezciMiff  have  been  thought  to  predispose.  In  one  caae  within 
ngr  knowled^,  an  extensive  heemorrhage  into  the  grey  suhstance  at 
|lu»  top  of  the  lunilmr  ♦enlargement  resulted  from  coitus  four  times 
VipMted.  the  symptoms  commencing  suddenly  during  the  fourth  act. 
MiAiite  ertravasations  are  often  found  after  death  from  diseases  which 
krtflrfoiv  with  respiration  and  cause  venous  congestion,  and  they  are 
<9|ifeia]ly  frec^uent  in  maladies  which  at  the  same  tune  cause  funo- 
iMilil  excitement  of  the  cord,  as  tetanus  and  all  severe  convuisions. 
n«y  cause  no  symptoms,  and  are  probably  produced  during  the 
moments  of  life.  They  have  been  termed  "  aceesBory^  The  di 
^  ih»  cord  that  lead  to  secondartf  hiemorrhage  are  chiefly  inflam 
tion,  tuTOOUi^,  and  cavities  in  the  ci>rd.  The  last-named  condition  ii 
esjie^ially  important.  It  is  probable  that  hfrniorrhage  o<M:urB  more 
rt'ttdily  if  the  spinal  cord  contains  a  congenital  cavity  or  fissure,  due 
to  an  arrest  of  development,  and  surrounded  by  embryonal  neuroglial 
tissue.  Hence  this  condition  will  be  found  in  disproportionate  fre- 
quency in  cases  of  haemorrhage. 

PATnoLOorcA.L  Ana-tomt.— Tlie  minute  extravasations  just  men- 
tioued,  fts  met  with  after  aspliyiial  and  convulsive  diseases,  are  found 
in  both  the  grey  taid  white  substance,  but  especially  in  the  former. 
They  are  usually  microscopic,  or  visible  to  the  naked  eye  as  minute 
red  [K)inta,  distinguishablo  from  distended  vessels  only  by  their 
slightjer  resistance  to  a  stream  of  water.  The  extravasation  may 
occupy  the  iierivascular  sheath,  or  the  oavity  in  which  the  vessel  lies, 
or  extend  between  the  nerve-elements.  The  larger  non-traumatic 
haemorrhages,  which  cause  symptoms,  always  begin  in  the  grey 
siibntano©,  and  are  often  confined  to  it,  extending  into  the  white 
oohimns  only  when  Iar*^e  in  size.  The  vessels  of  the  grey  substance 
IMX*  more  numerous  than  those  of  the  white,  have  less  external  support, 
and  prt^lm.b!y  undergo  more  considerable  changes  in  sta.te.  The 
Olhiaion  forms  a  cavity  in  the  oord,  sometimes  rounded,  sometimes 
innngular  in  traii  averse  section,  and  half  an  inch  or  more  in  vertical 
ixlent,  Tlic  cord  is  enlurpred  at  the  seat  of  the  hremorrhage,  and 
this  may  Iw  visible  externally  as  a  dark  swelling  the  size  of  a  nut  or 
a  Vh^hu  Vt^ry  rarely  the  htemorrhage  tears  the  hiyer  of  cord  which 
limits  it,  and  blood,  usually  only  in  small  quantity,  escapes  into  the 
nuuubranea.  The  tissue  adjacent  to  the  clot  is  usually  broken  down, 
vlaituH),  and  softene*],  and  inflammatory  changes  may  be  recognised 
hi  it  with  tho  microseojie,  just  as  in  the  neighbourhood  of  hicmor- 
rha^'t'»  into  the  brain.     As  in  the  latter,  the  effused  blood  slowly 

•  SiucUir,  •  Lfttieet.'  1885,  ii,  p.  1048. 
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undergoes  dmngeii  ia  tint,  becominji  tir^t  rusty  aud  then  yellow,  and 
oltinmteljr  a  cyst  idaj  remam.  Several  extravasatlou^  may  co-exist, 
JuvaJlj  m  the  same  pojl  of  the  cord.  In  contrast  to  this  focal 
hmmarrha^e  there  may  be  an  infiltration  of  the  grey  matter  with 
paBOiiform  extraTasations,  which  may  appeaj-,  until  closely  examined, 
to  be  a  single  hsBmorrhage.  The  tissue  between  these  small  extra- 
vasations is  broken  down.  It  is  probable  that  this  form  is  always 
secondary  to  myelitis^  as  in  the  case  mentioned  in  the  foot-note  on 
p,  437.  In  such  secondary  cases  a  careful  microscopical  examination 
nmjally  reveals  indications  of  inflanmiation  much  more  extensive  tlum 
the  area  affected  by  the  hemorrhage,  A  growth  into  which  haemor- 
rhage occurs  is  usually  a  ghoma,  unaffected  parts  of  which  will  be 
found  in  the  neigh  Injur  hood  of  the  extra  v^asatdon.  The  cavities  in  the 
oord  into  which  blood  may  escape  are  sometimes  of  considerable 
Trriical  extent.  I  bare  known  a  fissure  in  the  posterior  columu  to  be 
filled  with  blood  through  almost  the  whole  length  of  the  cord.  This 
condition  thus  favours  both  the  oceurrence  and  the  extension  of 
hi^morrhage. 

Stmptoxs. — ^Slij^ht  symptoms,  "prodromata,**  have  been  observed 
in  tHime  cases,  chiclly  in  the  form  of  trifiing  sensory  disturbanoep 
tingling,  3lc,,  in  the  limbs  afterwards  paralysed.  They  have  existed 
for  a  few  hours  or  days,  or  even  for  two  or  three  weeks  before  the 
onset.  It  is  probable,  however,  that  these  have  been  eases  of 
secondary  myehtic  hsemorrhage,  and  that  there  are  no  premonitory 
symptoms  in  primary  extravasations.  The  at^tuaJ  onset  is  always 
sudden  ;  the  symptoms  attain  a  considerable  degree  in  the  course  of 
a  few  minutes,  but  they  sometimes  Increase  during  one  or  two  hours, 
when  the  hsemorrhage  is  from  a  small  vessel  and  slowly  increases  in 
size— probably  augmented  by  the  rupture  of  other  vessels  which  are 
torn  in  the  tissue  lacerated  by  the  blood.  Occasionally  there  has 
been  transient  loss  of  consdousness  without  any  cerebral  lesion, 
bably  from  the  upward  influence  of  the  shock.  Earely  the  onset 
been  by  a  series  of   sudden  augmentations  of   tlie  symptoms. 

metinies  the  symptoms  come  on  during  sleep.    The  suddenness  of 

e  onset  is  the  characteristic  of  the  disease. 

The  symptoms  which  thus  develop  rary  according  to  the  seat  and 
aitait  of  the  extravasation.  In  the  majority  of  cases  there  is  para- 
phgia,  cotitplete  motor  and  sensory  paralysis  up  to  the  level  of  the 
lesion»  with  loss  of  power  over  the  sphincters.  Pain  commonly  but 
liot  invariably  accompanies  the  sudden  palsy ;  it  may  be  felt  in  the 
spine  or  in  the  sacrum,  round  the  tnmk,  at  the  front  of  the  thorax, 
or  at  the  epigastrium,  sometimes  seeming  to  pass  thence  tlirough  the 
trunk  to  the  spine,  or  it  may  be  felt  in  the  legs.  If  in  the  supine  it 
is  local,  and  does  not  extend  through  a  considerable  length  of  the 
spine,  as  in  meningeal  hemorrhage,  and  there  is  not  the  initial  spasm 
and  rigidity  which  characterise  the  latter  disease.  This  pais  may 
prsoede  the  palsy,  even  for  half  an  hour  or  an  hour ;  it  begins  suddenly. 
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the  first  alight  eitravaBation, 
resistance  jields),  and  effects  the  compi"«8si 
thd  paralysis.      Thus  a  girl  aged  fift^n  was  seii 
dJiacp  pain*  referred  to  the  stemum  at  the  mamma^^ 
:ub4  u>  ik^  oorr««|H>Ddiiig  region  of  the  spine ;  this  contini 

1  the  legs  suddenly  became  powerless  and  inse^ 
1*  ^        -robable  that  when  there  is  such  initial  medis> 

piua  the  haemorThage  occurs  in  the  central  region  of  iIk^ 
Uvr.  perhaps  from  one  of   the  commiasural  or  anastomoti- 
{9m  pw  227).  and  that  the  pain  is  due  to  the  irritation  of  th ^ 
Um  posterior  commissure,  in  which  the  paths  for  pain  cros  « 
dU  line      The  spinal   column  may  be   tender  opposite  th» 
*pot.     Usually  the  paralysed   muscles  are  relaxed.     Some-^ 
tht?»   ar«»  the  seat  of  early  clonic  contractionB,  or  these  may  com^ 
Jjfcv*  after  the  onset.      When  the  htemorrhage  is  in  the 
all  the  limbs  are  powerless  ;  one  arm  is  often  affected 
r.     The  state  of  reflex  dction  varies  according  to  thea 
tht.*  disfaso ;  if  it  is  at  first  abolished  it  quickly  returns  in  thei* 
tkii  leipmorrhage  is  in  the  lumbar  enlargement) ,  and  it 
«(SDessi76  unless  destroyed   by   secondary  myehtia— a 
viufri.H}u^nt  consequence.     In  one  case  there  was  a  remarkable 
-'    •  -tvase  of  myotatic  irritability  a  few  hours  after  the  onset, 
irritative,  and  quifkly  giving  place  to  loss.*     Vaso-motor 
uvpiuc  changes  in  the  skin  are  common  and  often  intense  ;  there 
sd'^^ik  viistcular  dilatation  ;  bedsores  readily  form,  and  cystitis  may 
>'t^Ui'utly  the  secretion  of    sweat  is  increaspd  for  a  time. 
up«*mturt»  is  normal  at  the  onset,  but  it  generally  rises  in  the 
ot'  i*  tVw  vbiys  from  secondary  inflammation  in  the  cord. 

'.'v»»loped  at  the  onset  usually  continues  for  a  week  or 
L.    ,        :>ugh  the  pain  may  leasee.     The  sviDptoms  do  not  always 
^^:«Wii^  diu'iug  the  stage  of  inflammation,  perhaps  because  this  only 
tho  structures  which  an-  already  impaired  by  pressure  ;  but  if 
i^l  has  been  broiighi  near  to  death  by  the  primary  hsemor- 
th<j  secondary  inflammation  may  end  life.     Occasionally,  more- 
^  Hi^iUnus  •■»f  an  ascendiug  or  descending  myelitis  may  come  on, 
•rtncr  may  cause  death  by  its  interference  -Rith  the  muscles 
This  extension  is    greatest    probably    in    cases    of 
1  rhage,  in  which  the  extraviisation  is  merely  an  incident 
^vujfuc  ot  a  eommciioing  inflaiumaliou,  but  it  seems  also  to  occur 
g|  primary  hiemoJThage.     The  slow  extension  upwards  of  the 
<|uriik^*  the  first  week  may  be  very  distinct  j  an^l  the  occur- 
^i  *  11^'  inflammation  may  W  shown  bv  the  loss  of  refl^ 

i  ilure  of  electric  instability  in  the  muscles,  sometimei 
%\kom>  «upplied  from  the  upper  part  of  the  J uni bar  enlargement, 
!^vuij>K»mH  ]Hiss  into  a  chronic  stage,  improvement  being  usually 
iJN>jii4»  Ukliug  loss  of  power  remains  in  most  cases,  and  there  is 

•   Siiieliiir,  loc,  cit. 
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soiue  permanent  muscular  wasting  on  aocmint  of  the  frequency 
"  with  which  the  haemorrhage  is  in  the  cerrical  or  lumbar  grey  matter. 
Oocaaionally  there  is  rapid  recovery  up  to  a  certain  point ;  a  hiEmor- 
rhage  of  small  size  may  abolish  conduction  in  the  white  colxuims  by 
the  auddennesfi  with  which  it  compresses  them,  and  the  eitects  of  the 
pTBiroie  may  quickly  paas  away,  while  those  remain  that  are  due  to 
the  de«truction  of  the  grey  matter. 

DiAOKoaia. —  llie  diagnosis  rests  on  the  actually  sudden  onset  of 
tlie  syinptoms,  and  on  the  occurrence  of  pain,  in  a  limited  region,  as 
pari  of  these.  The  former  is  evidence  of  a  rascular  lesion  (rupture 
or  closure),  and  the  latter  shows  an  acute  irritation  of  the  nerve* 

^ elements,  such  as  may  bo  produced  by  their  laceration,  but  not  by 
mere  deprivation  of  blood-  It  must  be  remembered,  however,  that 
we  cannot  assume  that  symptoms  which  come  on  during  the  night's 
aleep  are  of  sudden  onset.  Neglect  of  this  consideration  sometimes 
atuseB  a  mistake  in  diagnosis.  The  mode  of  onset  is  a  suBctent 
distinction  from  all  other  organic  disejiscs,  except  ho&monhagic 
tovf litis  and  meningeal  hemorrhage.  The  former  (really  a  variety 
■f  hficmorrliuge)  is  distinguished  by  the  existence  of  slight  symptoms 
oefort*  the  sudden  attack.  We  are  not  justified  in  regarding  as 
primary  hsBmorriiaL,'c  any  case  in  which  premonitory  symptoms 
existed  for  more  than  a  few  minutes,  unless  such  symptoms  were  so 
pronounced  and  sudden  in  onset  that  they  might  have  been  due  to  & 
definite  extraTasation,  afterwards  increasing.  Initial  fever  (within 
the  first  six  hours)  always  makes  myeJitis  probable,  provided  there 
is  no  other  cause  for  it.  The  distinction  from  meningeal  haemorrhage 
has  been  mentioned  in  the  account  of  the  symptoms,  and  in  the 

I       description  of  that  disease. 
pBOGNOSia. — In  all  cases  in  which  the  symptoms  are  considerable  la 
degree  or  wide  in  range,  the  danger  t^  life  is  great,  and  remains  great 
until  they  begin  to  subside.     The  prognosis  is  better  when  the  disease 

I  is  in  the  dorsal  region  than  when  it  is  in  the  enlargements,  for  the 
same  causes  as  infiueuce  the  prognosis  in  myelitis.  It  is  better  when 
sensatioii  fetnms  in  the  course  of  a  few  day:;,  but  if  the  enlargements 
are  affected  other  sources  of  danger  remain  considerable.  Early 
trophic  changes  also  render  the  prognosis  worse,  for  they  show  an 
intensity  of  degree  that  may  involve  grave  danger.  After  the  onset  is 
over,  the  forecast  must  be  guided  by  the  general  principles  that  deter* 
mine  the  prognosis  in  acute  myelitis 

ITB^itktuEjsT. — The  treatment  of  haemorrhage  into  the  substance  of 
the  cord  is  the  same  as  that  of  hasmorrhage  into  the  membranes 
(p.  8d9j  The  measures  requisite  are  few,  simple,  and  all-important. 
Absolute  rest  and  the  prone  position  are  to  be  secuniHl  before  anything 
else  is  thought  of.  Ice  should  be  applied  to  the  spine  over  the  seat  of 
h       the  hjemorzhage.    The  buwels  should  be  opened  freely,  and  full  doses 

■  of  ergot  or  ergotin  may  be  given:    ^ss  of  the  liquid  extract  or  five 

■  gnkins  of  ergotin  may  Ix;  given  by  tlie  mouth,  or  three  grains  of  ergotin 
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may  be  mjected  under  tbe  skin,  and  the  dose  may  be  repeated  Wo  or 
three  times,  at  interrals  of  two  hoiin*,  A  few  large  doses  are  probably 
more  effectual  than  amaller  doses  continued  for  a  longer  time,  since 
the  hsemorrhage  probably  does  not  go  on  for  long.  The  after 'treat- 
ment must  be  that  for  myelitis.  The  disease  is  one  of  those  in  which 
most  of  the  good  that  cun  be  done  by  treatment, — and  in  few  dinniuw 
is  the  opportunity  more  urgent — rests  with  those  in  whose  hiuids  the 
patient  ii  iminedJAtelj  after  the  onset. 


DEGENERATIONS  OF  THE  SPINAL    COItD. 

A  large  and  important  class  of  diseases  of  the  spinal  cord  consista  of 
those  in  which  there  is  a  slow  degeneration  of  the  nerve-elements,  with 
an  overgrowth  of  connective  tissue,  and  in  which  structures  are  affected 
that  have  a  common  function,  while  others  that  have  a  different 
function  escape  even  when  they  are  adjacent  to  the  elenientfl  that  are 
diseased.  Affecting  thus  functional  "  systems,"  they  are  termed 
'•  system  diseases."  This  term  has  l^een  used  in  several  sensea,  more 
or  less  special  (even  based  on  the  developiueutal  relations  of  the 
structures) »  and  hence  the  question  whether  a  given  makdy  is  a, 
"  system  diseasie  '*  or  not,  is  one  to  which  various  answers  have  been 
given.  The  term  is  here  used  in  its  widest  and  simplest  sense^  £S 
meaning  an  affection  of  the  structures  that  have  a  function  either  the 
same,  or  so  far  allied  that  they  work  together  as  parts  of  one  system, 
distinguishable  as  such  from  otJier  sets  of  structures.  A  "  system 
disease  "  may  involve  all  the  structiwes  of  the  system,  or  only  some  or 
ono  of  them ;  its  chief  distinction  is  from  a  random  disease  that 
iuvolveji  structures  irresix^ctive  of  function^merely,  for  instance, 
because  they  are  contiguous,  or  supplied  by  the  same  artery. 

In  "  system  diiseases  **  the  primary  change  is,  as  tk  rule,  in  the 
nerve- elements,  and  the  overgrowth  of  interstitial  tissue  is  secondary. 
The  process  is  analogous  to  that  which  occurs  in  the  secondAry 
degeneration  of  ncrve-fibrea,  in  which  the  first  change  is  certainly  in 
the  nerve-elements,  the  destruction  of  whii:h  is  followed  by  an  over- 
growth of  nuclei  and  supporting  tissue,  amounting  ultimately  to 
a  "  sclerosis,"  as  it  is  termed.  The  process  is  by  some  regarded  as  a 
chronic  parenchymatous  inilamniation,  an  inEammation  beginning  in 
the  proper  functional  elements  of  the  orgtui,  but  it  seems  undesirable 
thus  to  widen  and  loosen  our  conception  of  inflammation ;  so  far  as 
the  process  is  concerned  tlie  question  is  one  of  name  rather  than  of 
nature. 

Another  question  of  much  greater  interest  is  the  relation  of  the  two 
elements  in  the  process,  the  wasting  and  the  growth,  the  atrophy  of  tha 
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nerve  tissue,  the  hypertrophy  of  the  connectire  tissue.  The  failure  of 
nutrition  in  the  one  causea  an  increased  energy  of  nutrition  in  the 
other.  We  hare  seen  this  relation  in  the  norve-fibres.  Tlic  degene- 
ration of  a  fibre  is  attended  by  an  active  growth  of  its  nuclei  and 
protoplasm.  The  nutrition  of  the  two  elements,  the  neural  and  the 
adventitial,  is  evidently  connected  in  the  closest  manner,  but  in  inverse 
course.  It  is  import-ant  to  recognise  the  fact  that  the  process  of 
growth  of  the  connective-tissue  elements  is  an  active  manifestation  of 
nutritional  energy,  which,  when  once  eicited,  may  be  to  some  extent 
independent  of  ita  cause.  It  may,  when  very  active,  pass  beyond  its 
proportional  limits,  and  be  greater  than  corresponds  to  the  nerve 
atrophy  that  causes  it,  invading  adjacent  structures  as  if  an  inde- 
pendent  process.  It  may.  when  very  rapid,  have  some  of  the  cha- 
racters of  an  interstitial  inflammation,  and  even  an  acute  inflamma- 
tion. Such  excess  is  quite  unusual ;  as  a  rule  the  secondary  process 
is  subordinate  and  proportioned  to  the  primary  change. 

These  degenerative  diseases  fall  into  certain  types  «afar  as  the  spinal 
cord  is  concerned,  but  they  are  subject  to  some  variety  of  combination 
eren  there,  and  to  great  diversity  of  association  with  degenerative 
changes  elsewhere.  The  affection  of  the  cord  is  of  either  the  sensory 
or  the  motor  t;iements,  or  both.  The  type  of  the  former  is  tabes  ;  of 
the  Utter,  either  spastic  paraplegia  or  muscular  atrophy,  according  as 
the  lower  segment  of  the  motor  path  is  affected,  or  the  upi>er.  Other 
combinations  of  affection  will  be  better  understood  when  the  diseases 
are  describtKl, 

The  degeuemtiTe  diseases  are  not  numerous,  but  they  are  of  great 
importance.  They  are,  degeneration  of  the  anterior  comua  and  anterior 
root-fibres,  causing  muscular  atropliy ;  degeneration  of  the  posterior 
columns  and  posterior  root-fibres,  causing  locomotor  ata^^  and 
degeneration  of  the  pyramidal  tracts,  causing  spastic  paraplegia,  a 
disease  the  exact  pathological  position  of  which  is  not  quite  certain. 
These  degencmtions  may  be  variously  combined,  and  some  combina- 
tioDs  need  separate  description. 

Their  causes  are  various.  In  some  the  nutrition  of  the  nerve- 
elements  fails  soon  after  they  have  achieved  maturity,  and  this  is 
prone  to  occur  in  membtTS  of  the  same  family.  In  other  cases,  which 
present  a  contrast  to  those  just  mentioned,  and  yet  are  allied,  there  is 
a  senile  degeneration,  apparently  in  consequence  of  less  vital  endur- 
ance in  these  elemeutrf  of  the  nervous  system  than  in  the  other 
structures  oi  tlie  body.  In  such  « ases  the  local  degeneration  merely 
anticipates  th«>  somatic  death  which  it  too  often  induces.  In  these  we 
must  assume  an  inhtTont  deficiency  of  vital  endurance  in  the  struc- 
tures that  faiL  A  similar  assumption  seems  to  be  the  only  explanation 
for  the  cases  in  which  degeneration  of  certain  elements  of  the  C4?ntral 
nenroua  system  occur.^  in  middle  life,  between  thirty-five  and  fifty, 
usually  as  a  result  of  depressing  emotion,  or  of  some  influence  which 
lessens  the  general  nutrition.      Lastly,  we  are  confronted  with  a  large 
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antl  varied  claa§  of  cases,  in  whicli  similar  degenerations  seem  to  result 
from  toxic  agents  present  in  the  blood.  These  may  be  receired  from 
without,  or  generated  within  the  Bystem,  and  an  eapecially  potent  souroe 
of  Bueh  toxins  seems  to  be  the  derelopinent  of  the  organifimfi  of  Boma 

specific 
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The  malady  thus  named  is  the  most  common  chronic  disease  of  the 
spinal  oord.  It  consists  in  a  degeneration  in  the  jiosterior  oolunms  of 
the  spinal  cord,  or  the  peripheral  sensory  nerves,  or  both.  According 
to  the  current  views,  it  is  the  expression  of  impaired  nutritional  in- 
fluence of  the  sensory  neurons  of  the  spinal  cord,  primarily  of  those 
related  to  the  afferent  muscle- nerves,  but  often  also  other  afferent 
nerve-systems,  including  those  from  the  skin.  The  nutritional  centre 
U  tn  the  posterior  ganglia,  and  the  toxin  apparently  acts  first  on  the 
extremity  of  the  sensory  fibres,  and  also  on  those  that  pass  into  the 
cord.  The  effect  is  manifested,  when  considerable,  by  inco-ordinataon 
of  mov<*ment,  peculiar  pains,  defective  sensibility,  and  loss  of  the 
myotatic  irritabOity  (muscle-reflex  uctiou),  of  which  the  knee-jerk  is 
the  most  convenient  miiuif estation,  "VVlien  slight  in  do^'^ree,  the  sym- 
ptuma  may  be  limited  to  the  paiDs  and  the  loss  of  the  knee-jerk.  The 
name  "locomotor  ataxy"  was  given  to  the  disease  by  Dnchenne; 
"  tabes  darBahs,"  or  "  wasting  of  the  back/*  is  a  term  applied  by 
Hippocrates  to  certain  sviiiptoms  supposed  to  be  due  to  venereal 
excess,  and  long  ago  limited  in  Germany  to  symptoms  believed  to 
depend  on  atrophy  of  the  spinal  cord.  It  then  included  all  chronic 
paraplegias,  but  was  further  restricted  to  this  disease  by  E^mberg. 
It  has  lately  obtained  wider  use  on  aceount  of  the  discovery  that  inco- 
onliuatiou  may  be  absent,  when  the  disease  is  shght  in  degree. 

The  symptoms  vary  much  in  different  cases.  Besides  the  varieties 
tbus  produced,  there  are  two  allied  affections  that  ought  not  to  be 
classed  with  it.  One  is  the  so-called  *' hereditary  ataxy."  The  other 
is  that  in  which  iKith  weakness  and  inco-ordination  co-exist  from  the 
first ;  "  ataxic  paraplegia  "  it  may  be  called.  Each  differs  from  other 
varieties  with  sufficient  constancy  to  merit  8eparat<5  oonaideration. 
These  forms  are  not  included  in  the  following  account. 

History. — The  inco-ordination  ot  movement  and  other  symptoms 
of  the  disease  were  frequently  noted,  during  the  first  third  of  this 
century,  in  cases  of  disease  of  the  spinal  cord,  but  such  cases  were  not 
distinguished  from  those  with  actual  loss  of  power.  The  inco-ordina- 
tion was  found  to  be  associated  with  disease  of  the  posterior  columns 
bv  Stanley  *  The  first  really  exact  account  of  the  disease  was  pub- 
•  « M«d.  Gaxette,'  Ft^b.,  IS40,  «ind  '  Med.«Cbir.  Trtt»s^'  voL  xJOtL 
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Hshed  in  1847bvTodd»*  who  distiBguislied  the  cases  with  inco-ordliia- 
tion  and  without  weakaees,  from  simple  paraplegia,  aud,  appajentlj 
not  aware  of  Stanley's  obaerTation,  he  inferred  (from  the  chara.cter 
of  the  symptoms  and  his  theory  that  the  posterior  columns  contain 
fibres  connecting  segments  of  the  cord  at  different  levels)  that  the 
posterior  columns  would  he  found  diseased ;  and  he  verified  this 
inference  by  finding  in  two  cases  disease  of  these  columns.  The  credit 
of  the  discovery  of  the  disease  belongs,  if  to  anyone,  unquestionably 
to  Todd,  and  few  diseases  can  with  greater  trutih  be  said  to  have  been 
"discovered.**  Four  years  later  (in  1851)  Romberg  described  the 
disease  and  the  lesion  in  the  posterior  columns,  but  he  failed  to  exclude 
lo68  of  power  from  the  symptoms.  Knssell  Reynolds,  in  1855,  gave 
on  accurate  description  of  the  symptoms,  and,  in  attributtiig  the 
ataxy  to  muscular  anrF'sthesia,  was  the  fir«t  to  give  what  we  must  now 
regard  as  the  true  explanation  of  the  chief  symptom.t  A  series  of 
cases  was  described  by  Oull  in  lBh6  and  1857.  Turck  first  observed 
with  the  microscope  the  wasting  of  the  iibres  in  the  posterior  columns, 
Duchenne  lq  1858-9  published  an  independent  and  very  able  analysis 
of  the  symptoms  of  the  disease,  and  gave  it  the  name  *'  locomotor 
ataxy.*'  He  obtained  for  it  (with  the  help  of  Trousseau*8  *' Lectures ") 
the  recognition  that  previous  descriptions  had  failed  to  secure,  and 
achieved  such  a  degree  of  success  that  the  malady  is  called  in  France 
*'  Buchenne's  disease.'*  If  any  name  is  attached  to  it,  that  of  Todd 
alone  can  be  right. 

Oausbs. — The  disease  is  much  more  frequent,  in  this  country  at 
leasts  in  urban  than  rural  populations.  Inherited  influence  is  to  be 
traced  only  in  a  small  proportion  of  the  cases,  perhaps  In  not  more 
than  10  per  cent.  It  is  usually  a  general  neurotic  heredity,  manifesf*?d 
by  such  diseases  as  insanity,  epilepsy,  and  other  degenerative  diseas'S 
of  the  nervous  system.  Instances  of  this  are — father  epileptic ; 
father  insane ;  two  sisters  insane.  But  in  this  small  percentage  the 
influence  becomes  insignificant  in  the  presence  of  the  chief  cause,  to  be 
mentioned  presently,  since  in  many  instances  its  coincidence  must  be 
accidental.  Direct  inheritance  of  the  disease  is  extremely  rare  (tlie 
special  hereditary  form  bpin^  always  excluded).  A  boy  with  distinct 
sympt<jiiis  and  optic  nerve  atrophy  was  the  son  of  a  man  who  pre- 
sented characterietic  indications  of  the  early  stage  of  tabes  (Remak), 
In  most  instances  of  this  character  the  inheritance  is  not  direct,  being 
effected  by  means  of  syphilis.  The  inherited  disease  is  probably  the 
only  cause  of  the  juvenile  form  of  tabes. 

Males  suffer  far  more  frequently  than  females,  the  proportion  being 
about  ten  to  one,  and  this  seems  to  imply  eome  proclivity  inherent  in 

•  'CyclopiediH  of  Anatomy  rturt  Phjaioloffj/  vol.  iii,  p.  721. 

t  Re)  nolda, '  DlHgnoiia  of  Diieatea  of  ihe  Brain,  Ac.,*  1855,  *' Anaatheaia  Mu»- 
cnlani."  Certain  words  are  worth  quotiiigr : — *•  It  uppeari  (Must  probabk  that  tho 
eeDtripetiil  tract  of  fibr«i  i«  uffected,  and  that  the  locality  of  lealon  ia  vu^  variitble  " 
(p.  166), 
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tlie  male  sex.  A  like  preponderance  of  maleB  obtains  in  a  disease  iht/L 
bas  a  close  alliance  with  tabes — geupral  paraljsis  of  the  insane.  It  it. 
howerer,  not  certain  that  the  sexual  difference  may  not  be  connected 
with  the  wider  disseniination  of  the  chief  cause — sjphtlis^aiuons; 
men,  and  with  some  peculiar  power  of  resistanoe  to  its  influenoe  on  the 
part  of  women.  The  middle  period  of  adult  life  is  that  In  which 
locomotor  ataxy  usnaily  commence*.  No  lees  than  half  the  cases  begin 
between  thirty  and  forty,  one  quarter  between  forty  and  fifty,  and 
rather  less  than  a  quarter  between  twenty  and  thirty.  It  rarely  begins 
after  fifty,  but  I  haTe  once  known  it  to  develop  at  sixty-six.  Under 
twenty  it  is  still  more  rare,  but  cases  are  met  with  as  early  as  ten,  and 
even  in  quite  young  children,  the  subjects  of  the  cause  next  described. 
Among  the  individual  causes,  one  overshadows  all  the  rest — the 
influence  of  syphilis.  A  very  large  proportion  of  the  sufferers  have 
had,  at  some  previous  time,  constitutional  syphilis,  either  distinct 
secondary  symptoms  or  an  indurated  sore.  The  proportion  is  almost 
as  large  in  the  upper  and  middle  classes  as  in  the  lower.  Of  175 
consecutive  cases  oi  the  disease  in  men.  seen  in  private  practioe  (in 
which  the  past  history  can  be  relied  on  with  more  confidence  than  in 
hospital  patients),  no  less  than  114  of  the  cases,  or  69  per  cent.,  gave 
a  history  of  a  chancre  known  to  be  hard,  or  of  secondary  sym- 
ptoms; and  twenty-two  others  had  had  a  venereal  sore  of  unknown 
nature.  The  percentage  of  those  with  a  history  of  syphilis  or  a 
hard  chancre  is  77.  In  another  13  per  cent,  there  was  a  history  of 
gonorrhcea,  in  some  cases  of  repeated  attacks  ;  this  involves  exposure 
to  the  risk  of  syphilis.  Patients  with  unquestionable  leooDdary 
Gvphilis  are  often  ignorant  of  any  primary  acre.  When  &  disease  it  a 
distinct  sequel  of  syphilis  in  so  largo  a  proportion  of  cases  as  69  per 
cent,  we  are  justified  in  assuming  a  similar  relation  in  at  least  a 
majority  of  the  cases  in  which  infection  cannot  be  excluded.  Gonorrhoea 
emphasises  the  inability  to  exclude  syphilis,  but  in  no  less  than  8  per 
cent,  of  the  total  nutobor  of  cases  was  there  no  exposure  to  the  risk  af 
oontractingr  syphilis  in  the  common  way.  In  the  lower  classes  the  pro- 
portion is  higher,  and  has  been  estimated  at  80  per  cent.,  or  even  more. 
The  ascertainiible  facts  are  certainly  below  the  real  facts,  as  I  have 
pointed  out  elsewhere  •  When  a  deduction  is  made  for  possible 
accidental  coincidence,  there  remains  at  least  one  half  of  the  cases  in 
which  numerical  coincidence  must  depend  on  causiil  relationship.  It 
is  probable,  indeed,  that,  taking  all  cases,  a  causal  proportion  of  three 
quarters  woidd  be  nearer  the  truth.  In  women  also  antecedent  syphilid 
can  oft^en  be  traced,  although  rather  less  frequently  than  in  men.  At 
the  same  time  the  facts  are  even  more  difficult  to  ascertain,  since  in 
married  women  syphilis  so  often  runs  a  latent  courtse.  But  in  the  cases 
of  tabes  that  succeed  syphilis  the  lesion  is  not  syphilitic  in  histological 
43hanLcter ;  it  is  as  degenerative  as  in  the  cases  in  which  syphilis  can  be 
excluded,  and  it  is  not  influenced  by  the  tareatment  for  syphilis.    Hence 

*  '  Lettflomiau  Lectures,'  1889. 
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it  must  ber^arded  as  a  degenerative  sequel  of  syphilis  rather  than  a  a 
a  true  sjphilitic  disease.  It  i&  probably  the  inQueDce  of  syphilis  that 
determines  the  greater  incideno©  on  the  urban  than,  on  the  rural  popula- 
tion, and  the  preponderance  of  casee  in  middle  life.  Inherited  syphilis  is 
also  capable  of  causing  the  disease,  and  is  to  be  traced  (as  far  as  I  have 
seen)  in  all  cases  in  children.  After  the  acquired  disease  the  interval 
between  primary  syphilis  and  the  first  symptoms  of  tabes  varies  from 
one  to  twenty  years.  It  is,  however,  rarely  less  than  three  years,  and 
in  most  cases  it  is  between  six  and  twelve  years.  In  rare  cases  the 
first  symptoms  occur  during  the  active  stage  of  syphilis.* 

It  is  prohablc%  however,  that  8y]*hih8  is  not  the  only  cause  of  the 
disease.  In  a.  few  cases,  lees  than  10  per  cent  of  the  whole,  it  can  be 
excluded  with  confidence.  The  causee  operative  in  these  can  be 
traced  also  in  some  of  the  patients  who  present  a  history  of  syphilis, 
and  in  such  cases  the  causation  of  the  malady  is  probably  complex- 
Hitzig  and  Buzzard  have  suggested  that  a  toxin  having  a  similar 
degenerative  action  may  arise  from  soft  sores. 

One  of  these  causes,  which  can  sometimes  be  clearly  traced^  is 
injury,  such  as  involves  concussion  of  the  spine.  The  immediate 
results  of  the  injur}%  whether  slight  or  grave,  transient  or  lasting,  are 
followed  by  the  symptoms  of  the  degenerative  malady.  In  one  case  a 
man  feD  from  a  height  on  to  the  deck  of  a  ship ;  transient  paraplegia 
resulted,  but  six  weeks  after  the  accident  the  man  presented  extreme 
ataxy,  with  good  power,  and  no  knee-jerk  (Arnold).  I  have  known 
the  symptoms  to  develop  gradually  a  few  months  after  a  fall  from  a 
horse.  Exposure  to  cold  and  wet  has  oct-asionally  preceded  the  onse^ 
io  directly  that  it  must  be  regarded  as,  at  least,  an  exciting  cause. 
There  is  a  history  of  syphilis  in  the  majority  of  eases  in  which  tJie 
niautf estation  of  tabes  follows  some  immediate  cause.     In  other  cas^s 


•  Altboiij^h  ail  occnK)onHl  reliitiwi  to  fcyphiliiliad  been  noted  bjk- sevtrul  preeeding^ 
ol»servt;rs.  Founner  whs  the  firit(lii  lS7ti)  to  mssert  tlu'  wide  extent  of  tlu.i  rflntioii. 
His  fttBteni«>uLii  wemrtH-eivL'd  with  dotibt  (berau^e  sjrphilitic  piitientb  cousli luted  liti 
field  for  obaiTvatioii),  but  they  were  ctrnfiriuvd  (rom  the  ncurologiml  side  by  myself 
(•  Britiib  Med.  Jounml/  Murcb  1. 1879)  and  Erb  (*  Arcb.  f.  klia.  Med./  Jnlv,  187&)  j 
while  abundant  cor  rob  oration  tia«  been  since  alfordedHr  Many  who  at  &T^t  doubted 
Lave  beet)  convinced  hy  freah  obaenrationa.  Fmt  ta  collected  without.  r«rerun.>^e  to 
■ny  poiwti  at  issue  are  penerally  wortbtetA,  and  freibly  collected  Jiict*  have  tbrown 
H  new  light  on  the  asbject.  The  proportion  of  cases  with  preTiouB  Hypbilia  ne<jet- 
•arlly  ir«ric«  according  to  tbe  tih*olute  frequency  of  syphilH.  The  difference  in  the 
character  of  the  lesion  from  thiit  ot  changes  known  tobu  eypbilitic  was  urged  at  iin 
objectiDu,  but  eueb  consideratiuiiti  mru  tbeoretical,  and  mnst  )ield  to  facte  ;  in^tend 
of  denying  thtt  thi»  or  thnt  legion  eirn  be  produced  by  a  giren  cau»e»  we  may  bave 
Io  widen  our  iriew  of  the  operrttion  of  that  cause.  Olber  de^euerations  of  tbe 
nertrous  syfttem  aeem  alto  to  b«ve  a  relation  tn  sviihitis^  as  1  pointed  out  Rome  yeurs 
o^o  (' Lrimcet,'  Jaa>  15,  ISSl).  Aa  will  lie  shown  in  t!ie  aectiua  on  Putliology. 
recent  discovi  ries  lef^sen  very  mticb  the  dilnculty  of  eoniprebeuding  the  rebitiou- 
abip  by  demonstrating  tbe  pndouud  lufluettee  ou  the  nervous  system  of  elieu^'^CHl 
toiius  g(>neriited  by  tbe  oiyani^ma  which  we  have  learned  to  diaceru  aa  t\yf 
mat&He«  mor&t  of  «pecl(ic  dijieaaet. 
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tlie  disease  haa  rucceeded  excessive  fatigiie  and  over-eiertioB,  and  nJgo 
certain  acute  diseastja,  especially  (it  is  said)  acute  rheumatism  and 
tjphoid  fever ;  it  perhaps  follows  diphtheria  in  i-are  cases,  but  most 
cases  have  been  examples  of  the  ataxic  form  of  diphthuntic  paralysis, 
ultiniatclj  passing  away.  Alcoholic  excess  has  Iteen  noted  in  some 
instaufoa,  but  most  recorded  instances  have  been  due  to  peripheral 
neuritis,  involving'  chiefly  the  afferent  muscle-nerves*  Sexual  excesa 
hafi  been  supposed  by  some  to  be  a  cause ;  but  its  influence  can  rarel  v 
be  detected,  and  its  significance  is  uncertain,  since  sexual  excitement  is. 
undoubtedly  sometimes  an  early  symptom  of  the  disease. 

Secondarif  Tabes, — Symptoms  of  locomotor  ataxy  sometimes  buccci^<^ 
other  diseases  of  the   spinal  cord,  and  such  sequence  is  especiall3^' 
oomraon  in   syphilitic  Bubjecta,      Myelitis  and   svphilitic  gummat^fc^ 
may  be  thus  succeeded  by  tabes.     An  officer  in  India,  who  had  ha^^ 
syphilis,  having  suffered  for  a  day  or  two  from  pains  in  the  back,  toulds^ 
a  bath  in  snow  water^  and  ia  a  few  days  his  legs  were  absolutely 
powerless.     Ho  gradiially  recovered  power,  but  c<->uld  not  co-ordiniiL«E^» 
the  movement:  as  power  returned,  lig-htning  pains  came  on,  and  e~m 
year  afterwards  he  presented  the  typical  condition  of  locomotor  ataiv^  ^ 
Agaliii  a  man,  twelve  years  after  eyphilia,  had  a  severe  fall,  followec^- 
by  gradual  loss  of  power,  so  that  at  the  end  of  three  weeks  he  coulcA- 
sc-arcely  stand.     The  logs  remained  weak  for  a  month,  and  then  im^— 
proved,  but  ataxy  came  on ;  three  months  later,  power  was  good,  iaco— ^' 
ordination  extreme.     In  many  caHes,  however,  the  ultimate  conditi<>i^»- 
is  one  of  combined  weakness  iind  ataxy. 

Symptoms. — A  typical  case  of  developed  ta-bes  presents  certaim- 
motor,  sensory,  and  reflex  8ym|itonis.  There  is  inco-ordination  -►f 
movement  of  the  legs,  Boraetimes  of  the  arms  also,  without  loss  of 
power  or  muRcolar  wasting.  'I'here  are  pains  in  the  affectx>d  paHs, 
especially  sharp  momentary  "  lightniug  '*  pains  ;  there  is  some  loss  of 
sensation;  there  is  often  loss  or  diminution  of  ref!ex  action  from  the 
skin,  and  almost  always  entire  loss  of  the  myotatic  irritability  that  is 
revealed  by  the  so-called  "  tendon- reitexes,*'  and  es|">ecially  by  ^e  knee- 
jerk;  there  may  be  retention  or  incontinence  of  urine,  constipation, 
and  often  loss  of  sexual  power.  Of  this  group  of  syinptoms,  two 
usually  precede  the  others — the  pains,  and  the  loss  of  the  knee-jerk. 
These  may  exist  alone,  even  for  years,  before  inco-ordination  comes  on. 
Thus  the  svmptoma  are  far  wider  in  range  than  the  name  "  ataxv " 
suggests ;  and  while  inco-ordination,  if  it  exists,  is  the  most  obtrusive 
objective  sympt^un,  it  may  never  be  developed.  Hence  physicia'is 
have  extensively  fallen  back  on  the  older  term  "  tabes  dorsali8»"  But 
recent  expansion  of  our  knowledge,  especially  the  discovery  of  the 
extent  to  which  the  symptoms  may  depend  on  disease  of  the  peri- 
pheral nerves,  shows  that  even  the  qualifying  "dorsalia"  narrows  the 
term  unduly,  and  "peripheral  neuro-tabes"  has  been  added  to  the 
terminology  of  the  disease. 

Besides  the  symptoms  above  enumerated,  others  are  occaaionally 
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prasent.  Of  these  the  most  important  are  atrophy  of  the  optif  nerve 
(and  occasionallj of  other  cranial  nerves) ;  trophic  changis  in  tbf  nkin, 
the  bones,  and  the  joinU ;  peculiar  paroxysmal  viBceral  disturbances 
and  occasionallj  motor  paralysers  and  muscular  wasting.  The  com- 
bmationB  of  symptoms  present  in  different  cases  yarj  much.  It  will 
be  conyenient  to  consider  first  the  individual  symptoms  in  their 
wionj  degrees,  and  then  their  grouping  and  sequence. 

Motor  Sympiomt. — The  charaoteristio  inco-ordination  of  movement 
develops  gradually.  It  is  usually  incieased  (as  Romlierg  pointed  out) 
bj  closure  of  the  eyes,  and  at  first  may  only  exist  when  the  guiding 
infloence  of  Tision  is  thus  withdniwn.  Before  it  causes  ataxy  of 
moTement  it  may  render  dilBcult  the  maintenance  of  equilibrium  when 
the  base  of  support  is  narrowed  by  the  feet  being  placed  close  t^jgether^ 
toee  and  heels »  if  then  the  eyes  are  closed  Uie  patient  sways,  and 
tends  to  faU.  The  effect  of  closure  of  the  eyes  is  greatest  when 
sensation  in  the  soles  of  the  feet  is  defective,  but  does  not  depend  on 
this  defect ;  it  may  be  marked  when  sensation  on  the  soles  of  the  feet 
Is  perfeot.  The  early  defect  in  co-ordination  may  be  discovered  by 
the  patient  when  he  walks  in  the  dark  or  backwards,  or,  not  un- 
commonly, when  he  shuts  his  eyes  in  the  pr^ocess  of  washing  the  face. 
In  a  further  degree  of  inco-ordination  there  is  inability  to  stand  with 
the  feet  together,  even  when  the  ^es  are  open,  and  the  patient  is  only 
steady  when  the  feet  are  wide  apart.  If  the  feet  are  bare,  the  difii* 
colty  is  greater,  because  muscular  action  has  to  replace  the  rigid  base 
of  the  boot.  The  irregular  contraction  of  the  musdes  is  shown  by  lie 
conspicuous  movement  of  the  tendons  on  the  back  of  the  feet.  The 
patient  may  oscillate  from  toes  to  heels  before  he  comes  to  rest.  Aa 
the  defect  progresses,  uncertainty  is  felt  in  walking  even  with  full 
nsiial  guidance,  especially  on  uneven  ground,  or  on  a  yerj  smooth 
■m&oe.  A  slight  visible  alteration  in  gait  is  then  appreciable,  the 
feet  are  not  placed  on  the  ^roimd  quite  as  in  health,  or  there  is  distinct 
difficulty  in  maintainiug  equilibrium  when  the  patient  turns  quickly, 
and  he  has  to  put  a  foot  down  suddenly  to  keep  from  falling.  As  the 
inco-ordination  increases,  the  change  in  gait  becomes  greater,  but 
varies  much  in  its  precise  characters,  according  to  the  muscles  that 
most  aifected.  Often  the  feet  are  raised  too  high,  thrown  for- 
s  too  far,  brought  down  too  suddenly,  and  the  whole  sole  comes 

contact  with  the  ground  at  once.  Often  the  foot  becomes  inverted 
when  it  touches  the  ground.  Efforts  to  correct  error  in  movement 
ba?e  themselves  to  be  corrected.  In  other  cases  the  defect  in  main- 
taining equilibrium  is  greater  than  the  actual  disorder  of  movement  of 
the  legs,  and  the  patient  sways  about  in  the  miinner  of  one  who  has 
cerebellar  disease ;  this  probably  depends  on  a  preponderant  affection 
of  the  muscles  of  the  hip-joint. 

Am  the  defect  progresses,  the  patient  is  only  able  to  walk  by  steady- 
ing himself  with  a  stiek,  or  by  taking  hold  of  the  arm  of  another  person 
or  of  adjacent  objects.    At  first  a  very  slight  degree  of  this  help  is 
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sxiffident;  g-uidance  rather  than  support  is  needed.  Afterfrards, 
howeTer,  consideruble  suppurt  ia  necessary,  and  ultimately  the  patieait 
may  be  unable  to  stand  even  with  help.  When  he  attempts  to  riae, 
the  legs  move  hurried Ij  forwards  and  backwards,  and  if  the  upright 
posture  ia  at  last  af-hieved,  the  legs  sHp  forward »  and  only  strong 
support  saves  the  patient  from  a  fall.  The  ataxy  is  manifest  also  in 
other  movements  of  the  legs.  If  the  patient,  when  lying,  tries  to 
touch  an  object  with  his  foot,  the  leg  ia  moved  in^egularly,  goea  beyond 
the  place,  and  then  ia  brought  too  far  baek,  and  only  at  last  does  it 
come  in  contact  with  the  object,  often  with  unintended  force.  This 
incO'Ordinatioci,  like  that  in  standing,  is  much  greater  if  the  eyes  are 
closed. 

The  arms  may  present  similar  inco-ordination,  although  they  often 
escape,  even  w hen  the  affection  of  the  legs  is  extreme ;  very  rarely  the 
arms  suffer  1m- fore  the  legs  (brachial  tabes).  In  one  auch  case  there 
was  loss  of  SCO  sal  ion  to  touchy  not  only  in  the  arms,  but  on  the  tmnlc 
between  the  epigastric  level  and  the  distribution  of  the  oervical  plexus. 
The  comineni!iug  defect  ia  revealed  by  delicate  movements,  such  as 
writing.  When  slight,  it  may  be  conspicuous  if  the  patient  tries,  irith 
closed  eyes,  to  touch  some  object,  such  as  his  own  nose,  or,  having 
abducted  his  arms,  tries  to  bring  the  forefingers  together.  As  it 
increases,  all  movements  become  irregular ;  it  is  impossible  for  the 
patient  to  button  his  coat,  or  to  pick  up  a  small  object  from  the  t&ble  j 
the  fingers  twist  about  in  the  att(3mpt.  The  grasp  is  not  sustained; 
first  one  finger  is  felt  to  relax  and  then  another.  If  the  patient 
attempts  to  hold  out  his  hand  in  a  fixed  posture,  it  is  seen  that  the 
same  irregularity  obtains ;  instead  of  a  uniform  balanced  contraction 
the  muscles  coiitmct  and  relax  involuntarily,  and  slow  unintended 
movements  of  the  fingers  result,  sometimes  closely  resembling  those  of 
athetosis*  The  same  spoutaneous  movements  may  also  fee  observed  in 
tbe  legs.  They  cease  at  once  when  the  muscuiar  elEort  is  relinquished. 
Occixsionally  the  muscles  of  the  trunk  present  inco-ordination.  Thus 
one  patient  could  sit  steadily  on  a  chair  when  his  eyes  were  open,  but 
if  he  closed  them  would  at  once  fall  off.  The  movements  of  the  head, 
iaee,  tongue,  and  eyes  escape  the  characteristic  derangement. 

Even  with  extreme  inco-ordination,  the  power  of  the  muscles  may  be 
unimpaired.  Occasionally  some  group  of  muscles,  as  the  flexors  of  the 
iinkle,  becoiiie  weak  for  a  little  tiiae  and  then  strong  again,  just  as  mAj 
the  eyeball  nmscles,  as  we  shall  j>re8eiitly  see.  In  some  cases  motor 
power  in  the  limbs  remains  unimpaired  to  the  end ;  more  often,  when 
the  ataxy  has  become  great,  some  muscular  weakness  supervenes,  with 
or  without  wasting  of  the  weak  umscles  There  is  a  distinct  group  of 
cases  ia  which  weakness  aud  ataxy  come  on  together,  but  iiiese  are 
considered  aepiirately  |^*"  Ataxic  Paraplegia"). 

SeiMory  symphmis  are  prominent  in  moat  cases,— subjective  eensa- 
tions,  especially  of  pain,  aud  loss  of  sensibility.  Spontaneous  pains 
arc  present  in  some  degree  in  nine  tenths  of  the  cases  of  tabe&.     The 
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most  frequent  and  characteristic  are  the  sudden  and  lancinating  pains 
called  **  lightning  pains.*'  They  occur  chieflj  in  the  legs,  but  may  be  felt 
in  the  trunk,  arms,  and  even  in  the  head  and  face-  They  are  tuiually 
paroxysmal,  and  apt  to  come  on  at  night ;  attacks  of  such  pains  last 
for  some  hours  or  for  a  day  or  two,  varying  in  seat,  but  often  felt  in 
the  same  part  throughout  an  attack,  or  through  many  attacks. 
Sometimes  they  are  felt  in  a  limited  area  of  the  ekin ;  at  others  they 
seem  more  deeply  seated  i  sometimes  they  dart  down  the  limb.  They 
may  correspond  to  a  nerve- trunk  (especially  the  sciatic),  but  more 
frequently  have  no  relation  to  the  nerves.  They  may  be  felt  near 
joints,  but  are  seldom  referred  to  them.  Although  the  pains  are 
usually  acute  and  ''  stabbing,"  they  are  sometimes  of  different  cbftp 
ra^'ter.  They  may  be  compared  to  bad  toothache,  even  when  lasting 
only  a  second  or  two.  In  one  patient  the  sensation  was  as  if  both 
legs  were  for  a  moment  on  fixe.  The  pains  in  the  trunk  Hometimee 
coiTespond  in  seat  to  a  zone  of  hTperjitsthesia,  especially  when  there  ia 
&  marked  '*  girdle  pain/'  When  the  pains  are  referred  to  the  sldn, 
this  often  becomes  tender  af  kT  the  pains  have  been  f ult  for  a  time ;  the 
contact  of  the  bedclothes  cannot  be  borne,  and  even  a  breath  of  air  can 
scarcely  be  endured.  Curiously,  this  may  be  the  case  when  there  is 
impaired  aensibihty  to  pain,  but  not  to  touch*  When  the  p«un  is  in 
the  faoe  it  may  closely  simulate  trigeminAl  **  tic  ;**  only  it  is  on  both 
aides,  and  such  symmetrical  facitd  neuralgia  is  very  suggestive  of  a 
t&betic  origin* 

When  pains  continue  at  one  spot  for  some  days,  vascular  or  trophic 
changes  may  occur  there, ^ — ecchymoses  have  been  observed,  and  I  have 
known  the  growth  of  the  hair  to  be  chatiged  where  pains  had  been  felt 
in  the  scaJp;  each  hair  bent  and  broke  off  near  the  skin,  over  an  area 
the  sixe  of  half  a  crown;  after  the  pains  ceased  the  growth  of  the 
hiiir  became  normal.  A  sharp  pain  may  be  accompanied  by  a  sudden 
rcHex  spasmodic  movement  of  the  legs,  or  by  inhibitory  weakness. 
Thus,  in  one  case,  a  sudden  pain  would  often  make  the  patient  fall  on 
his  knees*    The  pains  may  be  so  severe  as  to  prevent  sleep. 

Other  kinds  of  severe  pain,  less  brief  than  the  lightning  pains,  occur 
in  some  cases,  and  are  described  by  vahone  epithets,  as  '*  bxarning,** 
**  tearing,"  **  gnawing."  Burning  pain  in  the  toes  distreBsed  one 
patient.  Much  more  common,  and  occurring  with  other  pains,  are 
slighter  duU  pains  like  those  of  rheumatism,  for  which  they  are  often 
mistaken,  an  error  that  is  facilitated  by  the  circumstance  that  any  of 
the  pains  of  ixk.\yes.  may  be  influenced  by  weather,  being  especially  id- 
creased  by  damp  culd.  Indeed,  this  occurrence  on  any  sudden  change 
in  weather  is  often  a  marked  feature.  It  is  not  uncommon  for  a 
patient  to  describe  them  aa  "equivalent"  to  a  barometer.  They  may 
aldo  be  excited  by  indigestion.  Dull  pains  sometimes  precede  the 
sharp  pains,  occasionally  for  years.  A  painful  sense  of  constriction 
•*  t^irdle-pain,"  is  also  common,  and  may  be  f<ilt  around  the  trunk  or  in 
the  legs,  groins*  &c. ;  it  is  sometimes  referred  to  a  coii^derable  area — 
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the  patient  may  feel  as  if  the  whole  tnmk  were  tightly  enveloped  in  a 
cuirasB  of  inetaL  Darting  pains  also  may  be  felt  in  the  tnmk  and  not 
in  the  legs.  Such  a  sense  of  constriction  is  sometimes  referred  to  th€ 
legs,  especially  to  the  knees,  but  sometimes  to  the  feet.  One  patient 
described  tliis  sensation  aa  if  an  iron  band  were  around  each  foot.  In 
the  arms  and  hands  the  pains  are  usually  slight  in  degree,  and  seldom 
cause  real  distress;  they  are  often  felt  chiefly  in  the  ulnar  region. 
Visceral  pains  may  also  occur,  usually  paroxysmal,  and  referred  to 
the  stomach,  bladder,  rectum,  *tc. 

Pains  are  not  only  the  most  common,  they  are  often  the  earliest 
indication  of  the  disease,  and  may  be  the  only  subjective  symptcnuii 
in  slight  and  stationary  cases.  They  bear  no  proportion  to  the  other 
symptoms,  and  are  sometimes  trifling — occasionally  altogether  absent. 
They  seem  sometimes  to  occur  alone;  I  haTe  seen  several  patienta 
who  suffered  lightning  pains,  characteristic  in  features,  course,  and 
general  associations,  both  with  and  without  the  i>upLl  symptoms 
common  in  tabes,  but  with  no  loss  of  the  knee-jerk.  The  pains 
are  then  usually  superficial,  and  the  cases  may  be  termed  "  cuta- 
neous neuro-tabes/*  Ataxy  may  supervene,  with  loss  of  the  knee- 
jerk. 

Sensations  other  than  pain  are  also  common.  They  are  yaiious  in 
character,  described  as  **  tingling,"  "pins  and  needles,"  "creeping/* 
and  very  often  as  if  the  skin,  especially  of  the  soles,  were  covered  by 
some  soft  snbstanoe.  Sensations  of  cold  or  of  heat  are  also  common ; 
the  feet  may  feel  aa  if  the  legs  are  always  in  cold  water ;  a  sensation 
of  cold  about  the  testicles  is  occasionally  complained  of.  Similar 
cutaneous  sensations  are  also  common  in  the  hands.  They  are  esj>e- 
cially  common  in  the  distribution  of  the  ulnar  nerve.  Here  also 
there  may  be  impaired  sensibility,  especially  for  pain  and  temperature^ 
when  the  sensory  condition  elsewhere  in  the  arm  is  normal.  The 
ulnar  nerve  lias  also  been  found  insensitive  to  pressure  (Biemacki). 
Increased  sensitiveness  to  pain  may  also  exist,  especially  on  the  soles 
of  the  feet,  and  often  accompanies  lessened  sensibility  to  touch. 

A  diminution  of  sensibility  is  also  present  in  most  ca^es  of  the 
developed  disease.  It  may  involve  all  forms  of  sensibility,  but  seldom 
equally;  some  forms  may  be  impaired  and  others  normal.  Either 
pain  or  touch  may  be  affected  alone ;  the  most  frequent  change  is  loss 
of  sensitiveness  to  pain.  Delay  of  the  perc-eption  of  painful  stimuli  is 
a  common  early  symptom,  as  will  presently  be  described.  A  firm 
touch  (i.  e.  slight  pressure)  may  be  felt  when  a  slight  touch  is  un]>er* 
oeived.  When  a  touch  is  felt,  the  power  of  localising  it  may  be  iiu- 
paired.  Temperature  sensations  are  rarely  affected  without  other 
forms  of  sensibility,  but  they  are  often  impaired  with  that  of  pain 
when  tactile  sensibility  is  normal.  On  the  other  hand,  there  may 
be  extensive  loss  to  pain  without  any  defect  of  the  temperature  sense. 
A  prick  may  then  cause  only  a  sensation  of  heat  or  burning,  and 
extreme  decrrees  of  heat  or  oold  cause  pain  less  readily  than  normal 


< 


i 


n 


LOCOMOTOR    ATAXY. 


453 


The  temperature  loss  may  be  partiaT,— either  cold  or  heat  may  be 
im  perceived  while  the  other  is  recognised.  "Vtlien  touch  is  slightly 
impaired,  there  may  be  an  inability  to  discrimiuate  differences  in 
the  degree  of  pressure  on  the  skin. 

AocompanyiDg  the  diminution  or  it>crease  of  Bensitiveneas  there  are 
sometimeB  curioua  changes  in  the  ecnsation  produc-ed.  One  of  these 
18  &  delay  in  the  perc4?ption  of  pain,  which  may  amount  to  several 
secondfl.  The  great-est  delay  I  have  met  with  amoTioted  to  seven 
seronds,  but  one  of  fifteen  seconda  has  been  described  (Eiilenberg). 
The  couta^t  of  a  point  may  be  felt  at  once,  the  pain  only  after  a 
CfuiHidemble  interval.  When  felt  it  may  be  excessive  in  degree. 
Often  there  is  an  after-pain,  lasting  sometimes  for  a  quarter  or  half  a 
minute  or  longer,  and  the  niaximum  sensation  may  not  be  attiiined 
until  several  &e*:ond8  after  the  pain  is  firat  felL  Thus,  in  a  case  in 
which  there  was  a  delay  of  seven  seconds,  the  maximum  sensatimi  was 
only  felt  twenty-five  seconds  after  the  prick  (Obersteiner).  Often 
tlir>re  is  a  second  or  third  maximum,  a  sort  of  rhythmical  recun*enoe 
of  sensation,  quick  or  deliberate.  A  delay  greater  than  normal  may 
also  attend  the  sensation  of  heat,  but  this  is  leas  easy  to  recognise  on 
aceount  of  the  time  normally  rerjuirt?d  to  raise  the  temperature  of  the 
skin.  The  localising  power  is  sometimes  strangely  perverted.  A 
tdUfh  on  the  toe  may  be  referred  to  the  back  of  the  foot  even  wh<"n 
there  is  no  ataxy.  A  touch  or  prii  1;  on  one  leg  may  be  referred  to  thd 
other,  sometimes  with  aingiilar  uniformity  in  position  ("  allocheiria," 
p.  H).  A  prick  in  one  spot  may  be  felt  In  many  places  ("  polyses- 
thesia'*)  on  the  same,  or  on  both  legs.  There  may  also  be  impair- 
ment on  the  face  corresponding  roughly  t^  divisions  of  the  fifth  nerve. 
Occasiunally  a  patient  feels  as  if  the  face  were  covered  by  a  mask, 
stretch  in  g  and  compressing  the  skin,  a  symptom  named  by  Charcot 
••  HutehiBSon*8  mask."  The  reaction  of  the  sensory  ncTvea  to  elec- 
tricity may  be  changed  in  the  same  way  as  that  of  the  motor  nerves 
wlu*n  they  are  degenerated ;  instead  of  the  eiirliest  sensation,  on  closure 
of  the  circuit,  occurring  at  the  kathode,  it  occurs  at  the  anode  (Men* 
delssohn). 

Impairment  of  sensation  is  a  very  variable  symptom.  It  may  be 
absent  even  when  the  spontaneous  pains  are  severe.  It  is  most  fre- 
quent, and  usually  greatest,  in  the  lower  part  of  the  legs  and  feet. 
It  may  even  be  limited  to  the  soles,  and  usually  then  ceases  at  the 
.niter  sharp  edge  of  the  foot,  but  extends  for  an  inch  or  so  up  the 
inner  side.  Touch  or  pain  may  be  lost  on  the  sole  only,  and  even, 
Btrange  to  say,  the  form  of  sensibility  that  is  lost  on  the  sole  may 
al<me  persist  in  the  legs.  Altliough  the  sole  in  usually  most  affected, 
sensation  may  be  perfect  on  the  solo  when  lost  elsewhere.  One  leg  is 
oft^n  more  affected  than  the  other.  The  loss  may  extend  to  the  trunk, 
and  over  part  or  the  whole  of  it.  Defective  sensibility  to  touch  is 
sometimes  met  with  arotind  the  anu8,  perineum,  scrotum,  &c.,  and 
sexual  loss  is  said  to  be  usually  bssociated  with  loss  of  sensibility  in 


A         ^ 
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pain  whicli  preflSTire  on  tlie  f«»B- 
[y  ahwiit.     In  the  iiyiper  limbs  the  impair* 
oiubBj  gmkwk  on  tlie  hauda ;  it  often  commenoef 
m  oi  thm   fingers,  and  may  be  limited   to  tliii 
jwt  *i  it  i«  to  the  soles  of  the  feet.     Senpatioa 
and  mot  on  the  limbs — an  important  fuct, 
reaiiilj  be  OTerlooked.     The  impair- 
heu  the  level  of  the  third  rib  i 
lo»  of  senaation  is  rare  and  uauallv  partia, 
oi  ■eositiveness  to  pain  over  the  whole  hea^ 

^wsd^^fift  »o*  confined  to  the  sMn,  but  affect*  tl^ 
CMOS.     The  contraction  of  the  muscle 
be  imfelt,  and  the  muscles  may  be  le^ 
to  puMtiifo  or  forcible  extension.     It  is  oaWT 
ikU  tiiM  can  be  distinctly  ascertained ;  bi 
i^  ^nhmtlj  an  earlj  chan^.    In  a  case  in  whit        _ 
'  greater  in  one  leg  than  the  other,  in  thf^^*- 
Bte  insensitive  to  traction,  which  excite*  :^^ 
te  Oilher  side.     The  muscles  may  indee^l  IdT 
CQtMfteons  sensibiHtj  is  little  or  not  at  a^s  *:^*^ 

the  sensibility  of  the  joints*  fibmi*^*-:*-^^^  -^ 
,  A  ^tto  involved.    The  sense  of  postiiro  may  be  lo^z^X 

,  »  intact.    The  anaesthesia  may  extend  to  iW.^- 

—  -"-sk  k  involved.    In  consequence  of  the  loss         ^^^  P 
10  the  limbs,  such  as  burns,  may  be  unpt^^^r^- 
m»  may  be  unattended  with  the  customft^* 
fjr  ittstew^  may  be  absolutely  painless. 

«tt«»tiun  is  not  invariable.     There  may  be 
^^m^  pt^ssent  coasidemble  inco-ordination,  and 
m  puBS.  AS  well  as  in  those  who  have  had  n< 
^np*  no  Bensory  defect  when  inco-ordinaticn 

^  akin  is  usually  impaired  in  proportion  to 
r,  and  especially  to  the  loss  of  tactile 
when  paiu  is  unfelt.     The  plantar  re 
^  and  the  progress  upwards  of  the  dist^ 

t^  ^  |«ijr«sive  loss  of  the  gluteal,  cremasteric^  z^- 
1^    Ote  *a»unt  of  the  variations  met  with  in  heal* 
vvAa  action  is  ever  lessened  when  there  is 
On  the  other  hand,  in  the  early  stage 
a  considerable  and  even  extreme  eioe^ 


uft  an  exceedingly  common  and  often  an  earl,^^ 

awl  may  prece«le  any  impainnent  of  sensoir 

Jm^lt  already  been  stated,  the  losa  is  aaid  dj 

•  Kr»«n. 'Lancet/  lH98, 
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tk  role  to  be  accompanied  bj  loss  of  sensation  in  tlie  glans  penis.  Yet 
in  inch  cases  nocturnal  emissions  may  occur,  sometimes  very  frequently. 
On  the  other  hand,  oxoeyjtionB  are  met  with  in  which  sexual  power 
pernsts  to  a  late  period  of  the  disease,  eren  uutU  after  the  patient  has 
lost  the  ability  to  walk  alone. 

If  the  condition  of  cut4LneouB  reflex  action  is  somewlmt  inconstant, 
this  is  not  the  case  with  the  reflex  process  on  which  the  myotntic 
niftbility  depends.  A  loss  of  the  knee-jerk,  a^  Westphal  tir»t 
poinled  out,  is  one  of  the  earliest  and  most  constant  sjniptoms  of  tabes. 
With  it  disappear  also  all  other  indications  of  this  irritability.  In 
cases  with  great  excess  of  cutaneous  reflex  action  the  knee-jerk  is  lost 
as  in  other  cases,  and  the  contrast  betwt»en  the  two  forms  of  reflex 
action  is  very  striking.  It  is  exceed intjly  rare  for  the  knee-jerk  to  be 
obtuiufsl  in  any  case  of  trtie  tabes,  but  an  early  case  is  sometimes  met 
with  in  which  it  is  not  lost,  although  diminished,  and  eoirimoiily 
unequal  on  the  two  sides.  In  one  or  two  cases  I  hare  found  it  slight 
on  one  side  and  lost  on  the  other  when  distinct  ataxy  wasprt-sent,  and 
have  observed  its  subsequent  disap|>eiLrance.*  In  one  euw*,  in  which 
the  jerk  was  lost  in  one  leg  only,  lightning  [>ains  were  confiuiHl  to  this 
kg.  Very  rarely  the  knee-jerk  persists  and  is  equal,  although  there 
are  characteristic  pains,  loss  of  the  iris  reflex,  and  a  history  of  syphilis. 
The  loss  often  precedes  for  many  years  the  development  of  in«x>- 
ordtnation.  It  is  important  to  remember  that  a  true  reflex  action  may 
simulate  the  knee-jerk  wheu  it  is  lost.  It  is  distinguished  by  the  con- 
spicuous intemil  between  the  blow  and  the  movement,  by  the  wide 
range  of  this,  and  by  the  fact  that  a  similar  effect  cjin  be  produced  by 
a  prick  on  the  skin  over  the  patellar  tendon. 

Eye  Sympt(>nui. — The  functions  of  the  internal  musclcja  of  the  eye  are 
often  affrH!ted  in  ta^lies.  In  more  than  five  sixths  of  the  cases  f  the 
reflex  action  of  the  iris  to  light  is  lost ;  rarely  the  action  remains  perfect 
throughout.  In  most  cases  of  vdlex  kws  the  contraction  'H  ^comm^ 
dation  is  preserved,  as  first  Botod  by  Argyll  Rok-rtson.  Often  also  (m 
£rb  has  shown)  the  dilatation  that  occurs  on  painful  stimulation  of 
the  skin  of  the  neck.  &c..  can  no  longer  be  produced.  Sometimes  the 
ciliary  muscle  is  also  paralysed,  causing  loss  of  accommodation.  Yery 
rarely  there  is  lo^s  of  accommodation  and  of  the  associated  contraction 
of  the  iris,  without  loss  of  the  light- reflex.  When  reflex  contraction  is 
not  lost  it  may  not  be  maintained ;  the  pupil  again  enlarges ;  an 
actual  inverted  reaction  to  light  and  darkness  has  been  observed, J 
ne  pupils  are  often  rery  small  ("  spinal  myosia  "),  especially  when 
then*  is  loss  of  the  reflex  dilatation  from  the  skin,  a  loss  which  seems 
to  be  accompanied  by  atony  of  the  radiating  fibres  supplied  by  the 
sy mpathetia    The  pupils  are  not  always  small;   they  may  be  of  a 

•  Iti  return  on  the  p«rst}'»«tl  •i»l«'  bi  a  tAbetic  fniticnt  who  bivaiTie  hemiplegir, 
bu  br«ti  rMord«d  (Hai^liHng*  jAckion  and  J«m««  T*}'iur«  '  Briu  MedL  Joum./ 
Tol.  i,  1894), 

t  l$«ri^ffr  tmj9  97  psr  cent, 

%  L'Absmlsw'La  Pi;«U»trift,*  18a9,  vii,  p.  286. 


ami  ihen  I  have  uguallv  foiind  Wiat 
ultbough  the  light -reflex  tmnnot,    T 
irpular.  aad  are  freq  ut^ntl J  unequal.  Both 
it  uii»  flwne  niAiiner ;  opcasionallj  the  reflex  acti- 
miy  UsgeBud  in  the  other ;    this  is  true  also    <2 
€ffery  possible  condition  is  occasionaJ^lj 
4iiir  luyui.   the   intrar-ocular   muscles   maj 
According  to  Berger  the  oci 


-^ 


oetilar  muscles  is  also  common  in  iskha 
(1)  Transient  weakness  lasting  a  few 


Fia.  120.— Double  tolMtIo  pto  iij 

passing  awaj,     (2)  Permanent   paralysis. 

_  ol  ft  single  uerre  or  part  of  a  nerve.     Either 

Mar  «tage,  but  the  ftrst  is  most  common  in  the 

-  k  liie  later  stages  of  the  disease.     The  transient 

^^      ft  common  symptcun  in  the  earlj  period ;   any 

j^rcft^hnt  the  external  rectus  is  tliat  which  most 

|VMi*ient  ptosis  may  prercde  an  almost  complete 

^_^^j,^  The  persistent  palsy  may  affect  one  or  more 

-V  M»^f  w  involved,  canHing  what  has  been  termed 

1^  U9  ftnd  120) .    Sometimes  the  whole  third  nerve 

rVff«  mftj  be  a  combined  palsy,  suggesting  a  oentrai 

pliotoir»ph,  '«r  which  I  am  indebted  to  M,  Chwrcoli. 
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origin — as.  for  instance,  loss  of  the  movement  of  convergence  asso- 
ciated with  loss  of  aocommodation,  although  the  internal  recti  lict  in 
the  movement  towards  one  side,  (4)  Manv  or  all  the  muBcles  of  both 
eves  may  gradually  become  paralysed — '*  progressive  ophthalmoplegia," 
Ltemal  or  external,  a  condition  that  is  more  fully  described  in  the 

>unt  of  ocular  palsies  in  Yol.  IL 
Atrophy  of  the  optic  nerve  is  the  most  serious  ocular  complication 
of  tabes.  Its  frequency  is  difficult  to  ascertain,  but  is  certainly  less 
than  is  often  supposed;  it  does  not  occur  in  more  than  one  case  in 
ten.  Atrophy  is  generally  an  early  symptom^  usually  commencing 
before  inco-ordinat  ion  is  developed,  and  in  a  large  number  of  oases  ataxy 
does  not  supervene ;  if  it  does,  the  arms  are  frequently  affect*Hi  before 
the  legs.  There  seems  a  tendency  for  the  spinal  malady  to  become 
stationary  when  the  optic  nerve  suffers.  The  disc  Ixnomes  pale,  and 
its  substance  shrinks,  so  that  recession  begins  at  its  edge  instead  of  at 
the  central  "  cup,"  as  may  readily  be  perceived  by  the  course  of  the 
;ls.  The  failure  of  sight  usually  commences  with  a  peripheral 
limitation  of  the  field  and  loss  of  colour  vision,  but  sometimes  ct^nLrai 
acuity  fails  early.  When  this  renjains  good,  the  peripheral  Iohs  may 
reach   a  considerable  degree  before  it  is  suspected    by    the    patient 

IEarely  there  is  a  sjinmetrical  sectorial  defect  in  the  fields.  The 
risible  pallor  of  the  optic  disc  is  not  always  proportioned  to  tJio 
failure  of  siglit ;  the  change  in  tint  depends  on  wasting  of  the  capil- 
L'lrifs.  and  this  does  not  always  corresp^^nd  to  the  wasting  of  the  nerve- 
Hhres.  The  ultimate  tint  is  grey,  or  a  whitish  grey»  especially  as  seen 
by  the  direct  method.  When  the  disc  was  very  vascular  before  the 
atrr>phy,  the  grey  tint  is  gfiierally  deepest.  The  vessels  are  but  Uttle 
narrowed.  Occajeionally  there  are  slight  signs  of  congestion  in  the 
early stage»  and  then  some  tissue  of  golLttnous  aspect  may  develop  in 
the  disc,  and  the  vessels  may  appear  somewhat  compressed.* 

The  cotirse  of  the  atrophy  is  usually  slowly  progressive,  and  in  most 
cases  it  ends  in  total  or  almost  total  blindness.  It  may,  however. 
C8M6  to  progress,  and  even  undergo  slight  iraprovement.  The  onset 
it  not  always  gradual ;  sometimes  sight  fails  considerably  in  t^e 
course  of  a  few  days,  without  ophthalmoscopic  changes  to  account  for 
it,  I  have  met  with  one  such  case  in  which  double  tetn{^H>]'al  hendaiiopia 
indicated  disease  at  the  optic  chiasma.  In  such  cases  the  secondary 
interstitial  process  probably  assumes  inflammatory  intensity  (see 
p.  443).  The  atrophy  is  often  more  advanced  in  one  eye  than  in  the 
otlicr.  and  very  rarely  one  eye  only  suffers.  Flashes  of  light  are 
o^.casionally  experienced  in  the  course  of  the  atrophy,  comparable  to 
the  lightning  pains  in  the  limbs,  but  th»^y  are  uot  common* 

Deafness,  having  the  characters  of  nerve-deafness,  is  met  with  in 

some  cases,  sudden  or  gradual  in  onset,  transient  or  lasting.     The 

persistent  deafness  has  been  attributed  to  an  atrophy  of  the  auditory 

analogous  to  that  of  the  optic  nerve,  but  certainly  in  many 

*  Further  ileUiU  will  bv  found  in  *  Mediosl  Opbthaliootcopy/ 
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cases  withoiit  sufficient  reason.*  Onlj  when  there  is  a  pTogreRsiT© 
limit4itiun  of  the  range  of  h*^aring,  aualoj^ous  to  the  peripheral 
limitation  of  the  field  of  risiou.  are  we  justified  in  assuming  nerve 
atrophy.  I  have  seen  two  cases  of  this  kind.  In  each  there  was 
also  optic  nerve  atrophy,  and  the  other  syraptoma  of  tabes  were 
di8tiuet.t  Attacks  of  vertigo  are  frequent  in  the  cases  attended  by 
deafness,  and  aeem  to  depend  on  the  disturbance  of  the  labTrinth  or 
auditory  nerve,  and  to  be  thus  connected  only  indirectly  with  the 
pLiuary  disease.  But  chronic  slight  vertigo  from  this  cause  increases 
very  much  the  tabetic  unsteadiness.  Anosmia  occasionally  occurs,  and 
is  probably  not  infrequent.  It  is  app^arently  due  to  an  atrophy  of  the 
olfactory  nerve  ainiilar  to  that  of  the  optic. 

The  functions  of  the  other  cranial  nerves  are  not  often  affected. 
Pains  may  be  felt  in  the  region  of  the  fifth  nerve,  and  there  is  ooca- 
sionally  loss  of  sensation  in  some  part  of  the  area  supplied  by  it,  on 
one  aide  or  both.  Unilateral  atrophy  of  the  tongue  has  been  sometimes 
noted  In  the  larynx,  besides  the  Bpa«m  to  be  presently  described, 
paralysis  of  the  vocal  cords  is  met  with,  both  as  an  isolated  symptom 
and  abo  after  attacks  of  spasm  have  occurred  for  a  long  time.  Both 
posterior  crico-arytienoids  may  he  paralysed,  and  in  one  case  paralysis 
of  one  postictis  occurred  very  early  in  the  disease  (Bemak), 

Sphinciers. — ^The  functions  of  the  bladder  are  frequently  deranged; 
there  may  be  either  shiggiah  micturition  or  a  tendency  to  incontinence^ 
and  very  often  the  bladder  is  not  perfectly  emptied.  These  symptoms 
fre*^uent!y  occur  early  in  the  dia<mse,  and  it  may  be  indt*ed  only  for 
them  that  the  patient  seeks  medical  advice.  The  retention  may 
become  absolute,  or  there  may  be  overflow  incontinence ;  there  is 
rarely  paralytic  incontinence.  The  imperfect  contraction,  even  when 
slight,  may  have  serious  effects.  The  residual  urine  tends  to  decom- 
po8e»  and  gradually  induces  over-distension;  cystitis  is  apt  to  occur^ 
and  secondary  renal  disease  may  develop  insidiously,  and  is  a  not 
iincKnnmon  cause  of  death  when  the  difficulty  in  micturition  has  been 
insignificant.  Slight  intermittent  fe!>rile  disturbance  is  a  frequent 
consequence  of  this  bladder  inruin|iet-eiioe  ;  it  may  cease  entirely  if  the 
oatheter  is  regularly  used.  The  sphincter  ani  is  often  also  weak,  so 
that  a  loose  stool  can  be  retained  with  diflBculty ;  but  its  paralysis 
rarely  reaches  a  high  degree.     Constipation  is  extremely  common. 

•  It  it  very  diflicalt  to  distin^uith  an  diectiori  of  the  nervt  from  one  of  the 
Ubyrinth  indt-pendent  of  the  nerve.  Even  m  m  Cft«e  of  biliteml  denfne**  coming- 
on  ill  the  course  of  tsiben.  in  which  the  putient  cotdd  hear  only  a  loud  voic«,  »nij 
deep  itote«  better  thttn  higli  oii*«,  in  which  fitnrphy  li«d  been  dia^no«e(I,  Lucae  f'otinil 
cftlcareoue  niM«ei  in  each  of  the  hibyTititliB,  ntid  th©  ftuditory  nervM  wore  quite 
normal. 

f  In  one,  only  note*  between  V*  and  D  eoQ]d  be  heard.  In  the  other  the  patient* 
whea  fir«t  examiaed,  wns  aUiulut«ly  deaf  (o  uotf*  abdve  £•  and  bplow  O,.  A  few 
uioiitlii  l*t«r  the  re«triction  had  conftni-d  th*-  range  of  he«rinff  to  the  ocUve  in  tlm 
treble  clef  butweeii  E'  «nd  FA,  eve«»  Eb^  being  inaadihk*.  Tliua  the  loM  o«carr«d 
chiefly  from  bvtow  upwarda.     Uluinat«ly  no  not«  could  b«  hen  id. 
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Vaio-mator  and  trophic  diBturhanesB  constitute  an  imfM^rtant  group 
of  sjmptomB,  and  may  reach  a  <3onBidera,ble  degree  without  a  ooiBCJ- 
dent  increase  in  the  otht^r  symptomB.  Lw^l  sweating  has  heen  noted, 
confined,  for  inHtance,  to  the  palms  and  soles,  or  to  one  side  of  the 
head.  The  ec<.-hymost*s  and  altered  growth  of  hair,  in  connection  with 
attacks  of  pain,  have  l>een  already  mentioned.  Pigment  may  diaap- 
pear  from  the  skin  and  hair  in  isolated  spots.  Herpes  of  the  skin  m 
not  uncommon,  and  usually  occurs  in  association  with  attacks  of  pain 
A  peculiar  association  was  present  in  one  case;  attacks  of  limited 
Bcrotal  pain  were  accompanied  by  a  "rash**  on  the  foreskin.  The 
epidermis  of  the  sole  becomes  thickened;  blisters  readily  form  beneath 
it,  and  may  lead  to  indolent  ulcers.    The  curiouB  affection  known  aa 


Fia.  12L--  Performtiny  nicer  of  tb«  foot  in  tftbes. 
pbotogrraph.) 


(Kroin  A  SalpAtrl^re 


**  perforating  ulcer  of  the  foot "  has  been  found  to  be  almogt  confined 
to  cases  of  tabes.  Troublesome  ulceration  of  the  toes,  especially 
about  the  nails,  ia  also  occasionally  met  with,  and  may  necessitate 
amputation.  The  growth  of  the  nails  of  the  feet,  and  sometimes 
of  those  of  the  hands,  may  be  changed ;  they  may  be  Ihickent'd,  and 
the  surface  furrowed  or  irregular.  The  nails  may  even  fall  off  and  be 
slowly  renewed^  The  teeth  sometimes  decay  quickly,  and  may  drop 
out.  One  patient,  who  had  previously  lost  many  of  his  nails,  found 
that  all  the  teeth  of  the  upper  jaw  fell  out  in  the  course  of  three  days, 
without  any  pain  or  decay.  Wasting  of  the  muscles  occurs  only  as  a 
compliairtion  in  the  later  stjige  of  the  disease. 

Changes  in  the  nutrition  of  the  jointe  and  bones  have  attracted 
much  notice  since  attention  was  directed  to  them  by  the  careful 
investigations  of  Charcot,  whose  name  is  aometimes  connected  with  the 
condition.  They  are  not  very  common,  but  are  sufficiently  frequent 
and  well  marked  to  placo  their  relation  to  the  disease  beyond  doubt. 
The  bones  may  become  brittle,  and  may  break  readily,  in  so-called 
"  spontaneous  *'  fmctures.  The  process  of  union  is  attended  with  the 
formation  of  a  large  amount  of  callus.  Sometimea  there  is  also  ossi- 
fication or  calcification  of  the  structures  adjacent  to  injured  bones, 
and  even  uf  th.3  tibrous  tissues  independent  o£  the  jolutti,  such  as  the 
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mtermuscular  and  subcutaneous  tissues.  These  may  he  rapidly  in- 
fiamed,  and  extremely  quick  swelling  may  occur,  followed  by  indura- 
tion.  As  the  inflammation  subaides,  tht^re  is  a  remarkable  tendency 
for  ossification  to  o<;eur  even  in  the  newly  formed  inflammatory  tissue 
beneath  the  skin.  Such  subcutaneous  cbangea  occur  most  frequently 
in  the  foot  or  thigh,  especially  near  joints,  but  sometimes  in  the 
deeper  fibrous  tissues  between  the  muscles.  In  the  joints  the 
changes  consist  of  erosion  of  the  cartilage,  wasting  of  the  heads  of 
the  bones,  and  ossification  of  the  ligaments ;  sometimes  irreg-ular  bony 
growths  form,  and  occasionally  the  head  or  shaft  of  a  long  l>one 
may  undergo  an  eitraordinaiy  increase  in  size  by  the  development  of 
new  osseous  tissue  on  the  surface.  The  joint  changes  may  thua 
assume  an  atrophic  or  hypertrophic  character,  and  the  movement  may 
be  either  too  free  or  too  limited*  Wasting  of  the  head  of  the  femur 
often  renders  dislocation  of  the  hip  easy.    With  such  changt^s,  and  often 


Fia.  123. — L'scmiiator  itsxy,  pnfnlosH  ■welling'  of  clbow-joint  nflcr  a 
fall  on  it.  One  condyle  of  the  huTOf rma  utid  oIocrAnon  were  fouod, 
after  dumth,  to  ht^vi*  I  teen  brakf>n  off.  Several  aepurate  pieces  of 
new  bout!  had  formed  in  the  capsule  of  the  didtended  joint. 

when  they  are  slight  in  degi-ee,  there  may  be  great  effusion  within  the 
joints  and  cedema  outside  them.  The  larger  joints  are  thos*'  most 
commonly  diseased — knee,  hip.  ankle,  elbow, — but  the  small  joints  of 
the  fingers  have  been  known  to  suiier  (Westphal).  The  relative  fre- 
quency with  which  the  chief  joints  are  affected  is  approximately 
indicated  by  the  following  percentage :  ♦ — kne€,  i5  ;  hip,  20 ;  shoulder, 
11;  tarsus,  8;  elbow,  5;  ankle,  4.  They  often  occur  during  the 
pre-ataiie  stage.  The  lesions  are  sometimes  excited  by  injury,  and 
the  extraordinary  chan^en  that  may  follow  traumatic  influences,  or 
occur  alone,  afford  a  conclusive  indication  that  abnormal  trophic  in* 
fluenoes  are  at  work.  Fig.  122  repn^sents  the  arm  of  a  man  who  fell 
and  struck  his  elbow,  fracturing  the  olecranon  and  condyle.  This  waa 
followed  by  extreme  painless  swelling,  and  bony  masses  could  be  felt, 
gradually  increasing  in  size.  Aft*?r  death  the  fractures  of  the  bones 
were  found,  and  masses  of  new  bone  had  formed  in  the  capsule  of 
the  joints.     The  arthropathic  changes  occur  also,  however,  without 

•  Obr&ined  bv  comb^ninp  the  collectioua  of  csl^tb  of  Weiz^*Sckcr  (tiruns' •  Bettr. 
1.  kL  Cbir„'  18S7)  nod  llotlcr  (*  Arcb.  f.  kl.  Chtr..*  Bi.  xsxvW 
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injury,  and  are  prol»a"bly  due  to  disease  of  tlie  nerrea,  wliich  not  only 
has  a  direct    trophic  influence*   but    also    renders    the    structures 

insensitive  to  the  injurious  effects 
of  prolonged  tensiuu  or  pressure 
(  RotttT).  When  iuivxjrdination  has 
devekipt'd,  the  variiitions  iu  tbo  mus- 
cular contractions  involve  varying 
strain  on  the  iijjranients,  t  speoialij  in 
the  case  of  joints,  as  the  Icnee,  that 
depend  for  part  of  their  support  on 


flexion  of  kuee-Joiiit». 


Fm.  12  1.     Tiiiiiti^.  fout.    (FiMiii  a  phoU» 
gmpb  bv  Mr.  Mtirriottj  U.Sc.) 


the  muscular  tendons  that  pass  bj  them.  The  knee-joint  may  thus 
become  bo  lax  that  when  the  patient  stands,  the  joint  may  become 
retroflexed,  as  in  Fig.  123.  No  doubt  also  this  is  the  result  to  some 
extent  of  the  want  of  tone  in  the  muscles,  which  has  been  called  by 
Frenkel  hypoionie  mn«ctihiire  Changes  in  the  tarsal  bones  and  articu- 
lations may  cause  the  foot  to  become  flat,  with  a  projection  inwards  or 
backwards  of  the  tarso- metatarsal  articulations,  and  of  the  (often 
enlarged)  tarsal  bouea.  The  condition  has  been  called  the  "tabetic 
club-foot**  by  Charcot  and  Pdre.* 

In  some  cases  there  is  painless  loss  of  teeth,  and  this  may  be  accom- 
panied by  the  presence  of  trouble.some  ulceration  of  tiie  mouth,  re- 
garded by  some  as  analogous  to  the  perforating  ulcer  of  the  foot. 

Visceral  Bymptoms  of  peculiar  character  occur  in  many  cases  of 
tabes. t  They  consist  almost  entirely  of  pai'oxysmal  disturbance  of 
function,  usually  attended  with  great  pain,  and  have  been  termed, 

*  Tlio  tropbio  chaiij^es  iu  bgite  and  jmnt  have  bckii  re^itriled  bj  inme  as  simple 
chronic  Ofltco-urthi-itis),  witlnuit  ciiusal  rt-latioii  lo  tiie  iiervi^  di«ea»e  in  tlieir  Kubjecfa^ 
but  tbe  eTidence  ii  altogether  opposetL  to  tbis  view.  The  argum^ntK  tliatctin  be 
ftddii€t«d  in,  *upprirt  of  it  wiJl  be  found  iit  %omv  nf  the  sjjeeclu'K  deliveii-ti  wt  a  dis- 
eusnion  ftt  the  Clinicdl  Societyj  Nov.  and  Dec.,  1^185. 

f  Tbe  ocearrerice  of  MtUii'kH  of  votnitiug',  sumiitimfia  early  in  tha  diteaae,  wii« 
pointed  out  by  Topi  nurd,  but  thought  by  him  to  be  »  mere  camplieAtion.  (Topinttrd, 
<  De  r«taxio  locoiootrice/  Pari%  1864»  p.  278.) 
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by  the  Frendi,  ertMf*  with  qufllifying  adjectiTei  a^soording  to  the 
seat  of  the  ejinptonL.  There  is  a  tendencT  to  over>elaborate  tliit 
iemiiuoiogj.  The  most  frequent  seat  of  such  disturbance  is  the 
stomach,  and  these  attacks  are  called  gastric  erwe$.  They  consist  of 
paroxysms  of  serere  gastric  pain,  felt  in  tha  epigastrium  and  often 
passing  through  to  the  back.  The  pain  is  accompanied  bj  Tomiting. 
with  or  without  nausea.  The  vomiting  is  often  incessant,  and  is  fijst 
of  food,  then  of  clear  liquid,  which  may  be  very  abundant  j  ultimately 
bile  is  vomited,  and  sometimes  blood,  which  may  be  altered  in  colour; 
it  has  been  ascribed  to  Bimultaneous  yaso-motor  disturbanoie  in  the 
mucous  membrane.  Retardation  or  irregularity  of  the  action  of  the 
heart  has  sometimes  atttvuded  such  an  attack,  EUid  rarely  pyrexia  has 
been  noted.  I  have  known  frequent  hiccough  to  accompany  the 
vomiting.  Such  an  attack  lasts  for  some  hours  or  days,  and  then 
subsides,  to  recur  in  a  few  weeks.  During  the  intervals  the  fimctions 
of  the  stomach  may  be  performed  in  a  perfectly  normal  manner. 
Although  piiiu  and  vomiting  usually  occur  together,  some  patients 
have  attacks  of  pain  without  vomiting,  and  in  others  there  is  Tomiting 
without  pain.  It  may  occur  on  first  rising  in  the  morning,  and  bo 
relieved  by  i-ecumbency.  Earely  there  is  nausea  alone.  A  temperate 
man,  in  the  early  stage  of  tabes,  suffered  during  three  years  from 
fre(|uent  attacks  in  which,  for  several  days,  he  had  intense  nausea  eacli 
morning,  passing  away  in  the  afternoon,  and  suooeeded  in  the  evenint; 
hy  an  inordinate  craving  for  food.  He  never  vomited  imless  he  made 
himself  do  so,  in  the  vain  hope  of  thus  obtaining  relief.  After 
two  years,  attacks  of  laryngeal  spasm  were  added  to  the  nausea 
<^)ccasionally  gastric  attacks  coincide  with  paroxysms  of  pain  in  the 
trunks 

1he  chief  inte$iinal  disturbance  is  constipation^  but  paroxysnoal 
diarrhcea  has  been  supposed  to  be  of  vaso-motor  origin.,  and  connected 
with  the  disease  (Pie net).  Paroxysms  of  rectal  pain  {rectal  cruet) 
may  occur,  and  may  be  accompanied  by  distressing  tenesmuA*  some* 
times  by  a  sensation  as  if  there  were  a  foreign  body  in  the  rBotum. 
In  rare  caeca  paroxysms  of  pain  have  precisely  the  character  of 
attacks  of  renal  colic  {uephralgic  cruieg),  or  are  felt  in  the  neck  of  the 
bladder  or  ait^Dg  the  urethra  or  at  the  meatus  {vesical  or  ureihrcU 
eri§es).  These  may  be  attended  by  an  intense  desire  to  micturate, 
although  the  bladder  may  be  timpty  and  only  a  few  drops  of  urine 
iiuiy  be  expelled.  In  one  patient  such  pain  was  repeated  several 
tunes  an  hour,  and  each  attack  lasted  for  several  day*.  Blood  may  be 
passed  after  an  attack. 

Laryngml  crimes  are,  perhaps,  after  those  of  the  stomach,  the  most 
common.  They  vary  much  in  character.  The  most  common  form  is 
a  true  liirj'ugeul  spasm,  with  noisy  inspiration  and  expiration,  cough. 
and  oft-eu  considerable  dyspnoea.  The  paroxysms  may  resemble  thoee 
of  whooi'ing-cough  or  of  laryngismus  stridulus,  and  seem  to  l>e  due  to 
b'^tasm  of  the  aiiductors.     Pressure  on  the  superior  laryngeal  nerve  at 
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ita  entrance  into  tlie  lat-ynz,  or  on  the  trachea,  or  tlie  introductioii  of 
a  sofimd,  will  sometimes  induce  an  attack.  The  spasm  may  lust  for  a 
quarter  of  ao  hour  or  for  some  hours,  but  rarely  continuee  ao  long  as 
the  gastrin  cri8es.  In  most  if  not  all  these  cases  of  adductor  spasm 
there  is  permanent  weakness  of  the  abduct  ore,  which  when  consider- 
able oonstitutes  a  Tery  graye  complication.  Whenever  there  is  a 
history  of  laryngeal  spasm,  the  respiratory  sound  should  be  ean^fuUy 
obserred  to  detect  any  inspiratory  stridor.  In  one  recorded  case  tlie 
tpasm  spread  to  the  pharyni,  making  swallowing  impossible ;  a  violent 
attack  extended  to  the  muBcles  of  respiration,  and  the  patient  die^l 
asphyxiated.  Death  from  these  attacks  is,  however,  rare.  Paroxysms  of 
rou^h  cough  have  been  termed  '*hronckial  crises s"  in  one  case  such 
attacks  ceased  when  the  patient  began  to  suffer  from  gastric  cnses. 
Such  paroxy»miil  cougL,  sometimes  ending  with  a  **  whoop/*  is  more 
frequent  than  definite  laryngeal  spasm.  The  dtffinite  crises  are,  how- 
ever, often  early  symptoms,  a,nd  they  may  continue  for  many  years.  I 
have  seen  a  patient,  still  in  the  first  stage,  who  gave  a  history  of 
gastric  crises  during  the  preceding  eighteen  years.  Anginoua  attacks 
have  also  been  described.  Acceleration  of  the  pulse  is  common,  and 
cardiac  disease,  especiaUy  aortic,  by  no  nit^ans  rare. 

Compai-ablti  to  these  paroxysmal  visceral  disturbances,  although 
veiy  different  in  character  and  more  alarming  in  aspect,  are  cerebral 
symptoms ;  but  these  are,  fortunately,  very  rare.  They  resemble  the 
attacks  that  are  common  in  general  paralvsis  of  the  insane,  and  con- 
ftifit  of  transient  apoplectiform  seizures,  of  transient  hemiplegia,  or  of 
cotiTulaions,  general  or  one-sided.  They  may  occur  early  in  the  course 
of  the  disease.  The  alarm  they  occaston  is  not  without  foundation, 
since  death  has  been  known  to  occur  during  an  attack  of  apoplectic 
aspect.  Occasionally  an  actual  lesion  occurs  (probably  thrombotic 
softening),  causing  {>er si  stent  hemiplegia,  which  is  probably  only 
coincident  with  the  chronic  disease  of  the  nervous  system.  Paroxysms 
of  vertigo  sometimes  occur,  but  their  nature  is  micertain.  They  pro- 
bably frequently  depend  on  derangement  of  the  auditory  nerve  or 
labyrinth.  Cerebral  symptoms  may  also  be  superadded,  especially  in 
cane  which  terminate  as  gi^ieral  paralysis. 

Course  arid  Termin^icn, — It  IS  oont^nient  to  divide  the  cotirse  of 
the  disease  into  three  sti^s : — (1)  In  which  there  is  no  alteratii»n  in 
gait,  the  common  indications  of  the  malady  being  the  loss  of  the 
knee-jerk  and  the  paini»  often  associated  with  loss  of  the  Ught-reflex 
of  the  iris,  and  tmsteadiness  on  standing  with  the  feet  together  and 
eyes  shut  (2)  That  in  which  there  is  distinct  affection  of  gait,  slight 
or  consideral>lc,  but  in  which  the  patient  is  still  able  to  walk,  alone  or 
with  the  aid  of  one  or  two  sticks,  (3)  In  which  walking  is  possible 
only  with  the  aid  of  another  person,  or  it  is  impossible  for  the  patient 
to  walk  or  to  stand.  The  first  stage  is  not  always  present ;  inco-ordi- 
nation  may  be  developed  simultaneously  with  the  loss  of  the  knee- 
jerk,  as  one  of  the  earliest  symptoms. 
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The  course  of  tbe  ajmptotns  is  extremely  variable.  The  inco-ordi- 
iiation  usually  sTipt^rveties  gmtluaUy  in  the  course  of  mouths,  but  it 
*jometimea  develops  very  rapidly.  I  have  known  it  to  become  extreme 
in  the  oourse  of  a  fortnight  from  its  onset,  after  the  first  stage  had 
existed  for  a  con  aid* 'ra  We  time.  The  epithet  **  progressive/'  given  to 
tho  malady  by  Duchifiine,  expresses  a  charact^riatic  of  a  large  propor- 
tion of  the  casGs  in  which  ataxy  is  d*^volojK}d,  and  he  knew  no  other 
cases  of  the  disease.  The  iuco- ordination,  once  developed,  often 
increases  slowly  or  rapidly,  until  it  reaches  a  moderate  or  &  consider- 
able de^ee,  and  the  sensory  loss  shows  a  like  tendency.  The  local 
onset  of  the  atmy  seems  to  be  soinfstimes  excited  by  a  periphenJ 
influence,  such  as  injury  ;  in  one  cas"  an  injury  to  the  left  hand  wa^ 
followed  by  inco-ordination  in  that  limb,  afterwards  general  and  cha- 
racteristic. Still  more  common  is  a  rapid  increase  in  the  symptoms  after 
such  a  disease  as  influenza,  or  in  const-  jnence  of  alcoholic  excess.  In 
such  cases  careful  inquiry  wiD  generally  elicit  evidence  of  preceding 
symptoms.  The  pains  seldom  correspond  to  the  other  symptoms  in 
degree  or  course.  They  are  often  very  severe  in  the  early  period  of 
the  disease,  and  may  either  lessen  or  continue  unchanged  as  the  loss 
of  sensation  develops.  Their  persistence,  even  in  severe  degree,  does 
not  show  progress  in  the  disease  j  once  set  up.  they  may  continue  for 
years  without  any  increase  in  the  other  symptoms,  and  seem  in  this  to 
be  analogous  to  neuralgia,  being  eviden<.*e  only  of  functional  activity 
in  the  altered  nerves. 

The  power  of  recognising  the  fijrst  stage  of  the  disease,  which  we 
owe  to  Westphal*B  discovery  of  the  loss  of  the  knee-jerk,  hasenl&rged^ 
and  in  enlarging  has  to  some  extent  modiBed,  our  oonoeption  of  the 
general  tendency  of  the  disease.  It  is  exceedingly  common  for  the 
first  stage  to  remain  stationary  for  a  long  time,  for  ten,  twenty,  and 
even,  in  one  case  I  have  known,  fur  twenty-five  years,  if  the  duration 
of  the  lightning  pains  may  be  accepted  as  proof  of  its  existence.  Wlien 
all  cases  are  taken  together,  and  if  the  patients  are  subjected  to  careful 
ti-eatment,  the  disease  probably  shows  a  progressive  tendency  in 
less  than  one  half  of  the  cases. 

The  other  symptoms  also  do  not  always  progress  pari  pmsu.  Sen- 
sibility may  fail  although  inco-ordination  does  not  increase.  Con- 
versely, the  ataxy  may  become  greater,  although  sensation  remains  the 
same,  and  even  when  it  shows  a  distinct  improvement.  To  this  we 
shall  return  in  considering  the  pathology  of  the  disease.  The  contrast 
between  the  course  of  different  symptoms  in  some  cases  is  very 
marked  If  optic  nerve  atrophy  develops,  the  spinal  symptoms  often 
remain  stationary,  and  this  is  also  true  of  visceral  crises;  I  have 
known  gastric  crisesj  to  cease  when  inco-ordination  came  on.  In  on* 
patient  aU  the  symptoms  of  tabes  passed  away,  optic  nerve  atrophir 
oeased  to  advance,  and  even  the  kneo-jerk  returned,  when  the  patient 
became  insane.  The  atrophy  of  the  optic  nerves,  although  generally 
progressive  to  blindness,  also  may  become  arrested.    It  may  renuoD 
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limited  to  '^^  ■  #/  jmd  even  wben  bilateral  and  very  ilefinite,  it  may 
cease  to  mcroaHi., 

The  rate  of  increase  in  the  sjinptomB  of  tabes*  when  thk  occiira, 
Tariea  much.  Sometimes  it  is  so  alow  that  the  ataxy  is  considerdbl© 
oulj  at  the  end  of  several  years.  On  the  other  hand,  it  may  he  so 
rapid  that  in  a  few  months  the  patient  is  scaroi?ly  able  to  walk.  More 
C4>mmonly  the  course  is  variable;  periods  in  whichthediaeasoia  almost 
stationary  alternate  with  others  in  which  the  symptoms  increase 
rapidly.  The  exacerbations  may  seem  spontaneous,  or  may  be  dis- 
tinctly excited  by  some  prejudicial  influence— a  chill,  a  fall,  or  some 
excess,  akholic  or  Beioal.  They  are  sometimes  very  acuta;  a  marked 
change  may  occur  in  the  course  of  a  few  days,  or  even  in  a  few  hours. 
Thus  I  have  known  a  patient  to  puss,  in  the  course  of  twenty-four 
hours,  from  a  condition  in  which  he  could  walk  fairly  well  to  on©  in 
which  he  could  scarcely  stand.  The  symptoms  suggested  that  local 
tnyelitis  had  occurred  in  the  degeneralin*^  cord.  Muscular  power  may 
lessen  in  such  a  sudden  eiacerbation,  or  the  increase  may  be  confined 
to  the  special  symptom  of  the  disease — the  ataxy.  The  conditions 
thus  developed  may  pass  away  again,  leaving  the  patient  on  a  little 
lower  level  than  before,  but  they  often  i>er8ist  without  any  considerable 
recovery. 

There  is  nothing  in  the  nature  of  the  diBease^  in  moat  cases,  to 
produce  death.  The  only  direct  effect  of  the  malady,  which  h&g  ended 
life,  is  laryngeal  spasm  or  paralysis.  Even  the  gastric  symptoms, 
prostrating  as  they  are^  are  never  fatal.  Patient*  who  have  reached 
the  third  stage  have  lived,  bedridden,  for  twenty  years.  Death  often 
results  from  intercurrent  maladies,  some  of  which  are  more  dangerous 
to  these  sufferers  than  to  others  because  they  may  develop  painlessly, 
and  attain  a  serious  degree  before  their  existence  is  suspected.  But 
many  patients  die  from  indire<^t  results  of  the  disease.  Kidney  com- 
pUcations  are  the  most  common ;  they  often  develop  insidioualy,  and 
only  manifest  themselves  when  life  is  in  peril,  as,  for  instance,  by 
acute  febrile  symptoms,  the  exact  nature  of  which  may  be  unsuspected 
until  the  urine  is  examined.  I  have  known  a  patient,  still  in  the  first 
stage,  die  thus  after  a  few  days*  Illness.  "Whenever  obscure  pyrexia  is 
met  with  in  diseases  of  the  spinal  cord,  interference  with  the  function 
of  the  kidneys,  due  to  retention  of  residual  urine,  should  always  be 
suspected  and  looked  for.  Bedsores  and  pyaemia  oocasioQally  cause 
death,  although  far  less  frequently  than  in  moat  other  diseases  of  the 
spinal  cord, 

CoMFLiCATiONs. — Oi'curring,  as  moatcaiiea  do,  in  aypbiiitic  subjects, 
tabea  ia  sometimes  oomplicated  by  true  syphilitic  lesions  of  the  brain 
or  ccid,  genei-ally  the  later  ksiona.  anch  a?  gummata,  or  sudden  palsy 
from  the  disease  of  a  cerebral  vessel. 

Acute  or  subacute  myelitis  may  occur  during  the  course  of  the 
disease  with  characteristic  symptomg.     Such  a  complication  muat  not 
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acute  ezacerbation  in  the  special 

with  remarkable  rapidity. 

QOfd  maj  develop  as  complicfttionB  of 

bj  be  diseased  with  the  dorsal  posterior 

paraplegia,"  but  this  is  a  distinct 

ibtid.  Another  occasional  complication  is 

-dw  local  atrophj  alreadj  mentioned  (espe- 

»)» and  general  ati^phj,  such  as  is  met 

fonn.     Thus  a  gentleman,  who  had  had 

vascular  disease,  developed  the  first  stage 

h  .'C  aowe-jerk,  loss  of  the  iris-reflex,  and  slight 

kk  rao  ooQZses  of  mercurial  treatment  at  Aix-la- 

:{M.  g^  the  second,  atrophj  began  in  the  muscles 

.ifnil  dnring  two  years  until   almost  all   the 

^ui<ien»  and  back  became  extremely  wasted. 

^tex'uriing  to  the  researches  of  Dejerine*) 

j&  itineration  of  the  peripheral  nerres;  it 

The  extensive  wasting,   as   in   the  case 

<c«aijbiy  doe,  as  a  rule,  to  degeneration  in  the 

^  .n-t^  J»  -^fo  wMent  the  symptoms  of  tabes,  while  in  the 
.^.j^.^  ■L^.-t;Cfc>  uwsHxdination  of  disseminated  sclerosis,  and 
^jj^p-  >  ^  -  ^*  ^**  Moms  has  been  demonstrated,  but  is  yezy 

.^     ^  .ji^orHUiC  and  frequent  complication  of  tabes  is 

^^,^»,^^A.  ^  J*  lUBUW^    The  two  diseases  have  many  alliances. 

'^^^j,^^    i^^  >»L'^Uii»  b  the  chief  cause  of  general  paralysis,  as 

^jf^     '^emiL  myoplegia  is  common  in  both  diseases.    The 

.,^,j^  ^.jfcw .  kHitt  oodjtbined,  and  the  symptoms  of  one  or  the 

.;^,».„,.rii*»iJL    Thus  many  general  paralytics  present  sym- 

^  r.^^.^  -.tt^ :» vAaracteristic  lesion  is  found  after  death.     On 

^^  .»M»^^  Tttbtw  may  present  slight  symptoms  of  general 

_^„i^^  .ifciiy  sii^t  optimism  and  mental  weakness,  which 

"^^    ^^v^^'*^-^*^  *W  Diay  increase  to  a  pronounced  and  pre- 

^.^     -1  :aMV  be  difficult  to  say  in  which  category  a  case 

"""     ^.^^      H  is  sometimes  said  that  the  disease  may  com- 

^  V^,  .iki  m^  change  to  general  paralysis,  but  a  more 

o-*****"  -^  ■***  ^'**  "  *^®  co-existence  of  the  two  affections, 

^!r.,  .*^»*  .A  The  symptoms  of  one  or  the  other. 

..•^v*i*  -^  ^•'^^  outside  the  nervous  system,  besides  the 

*  ,v^  v^a*.^*^^^  ^  malady,  valvular  heart  disease  is.  perhaps. 

".      ^w--*4fe  **^*^  usually  develops  without  any  of  the  usual 

,^  ^  ...^  ^  4tt  »H5e  at  which  degeneration  is  unlikely.     It 

*  ^.,;-^'rt  -i"""*  ^  coincidence  is  really  one  of  cause,  the 

^ii«crft   ■'•'*^  ^  result  of    a  syphilitic  process.     Other 

•.  Dij«ruM,  *  Revue  de  Med.,'  1889. 
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complications  are  so  rare  as  only  to 
deserro  notice  when  a  causal  con- 
Eection  can  be  traced  or  reasonably 
suspected.  Coincident  gljiiOBuria-  h&B 
been  ascribed  to  an  affection  of  the 
medulla  oblongata  (or  may  be  pro- 
duced tkrough  tlie  cervical  spinal 
cord),  but  it  is  extremely  rare.  But 
sclerosis  of  the  posterior  columns 
has  been  shown  by  Williamson  to 
occur  in  diabetes.* 

Pathoi.ooicai*  Anatomy, — ^Tn  most 
cases  the  spinal  cord  presents  ctiangea 
visible  to  the  nak«d  eye.  The  poste- 
rior columns  have  a  grey  translucent 
appearance,  which  ia  due  to  the  loss  of 
the  nerve-fibres,  and  to  an  increase  of 
the  connective  tissue  ("  grey  degene- 
ration ").  The  whole  of  the  posterio 
columns  may  be  thus  changed,  or  onlj 
parts  of  them,  the  distribution  of  the 
visible  alteration  being  tliat  of  the 
histological  changes  revealed  by  the 
microscope  and  presently  to  bo  de- 
Bcribed.  In  the  hardened  cord  the 
difference  of  tint  in  the  diseased  areas 
is  even  more  distinct  than  it  is  in  the 
frefih  organ.  The  posterior  columns 
a.ro  also  smaller  than  normal,  because 
the  bulk  of  the  connective  tissue  ia 
less  than  that  of  the  normal  fibres; 
hence  the  shape  of  the  cord  k  sHghtlj 
<dianged. 


Flo*  125, — Locomotor  fti&xj  involvinir  the 
le^i  only.  Sclcrf>eiiB  of  the  whole  posterior 
coUimni  in  th<^  Inimbiir  rpgiotii,  gradottllj 
becoiiiin^  limited,  la  the  lower  dorial  re- 
gion, to  the  root-zone  Bod  posteriar  mediftn 
cokinui.  The  lattCT  only  i»  affected  m  the 
upper  half  of  the  cord  (afifeiidini;  deifeuem* 
tioii ).  Therei  isulso  coiij^picuouadegpijcrjitioii 
in  the  antero-lateral  ftscendiog  trMct.  Thii 
if  ntb<?r  (greater  oti  the  left  ante,  while  the 
poAt^-medinii  (iegenemtion  i*  grcnter  on  the 
ri^ht,  in  hHMnony  with  the  fsict  th»t  the 
latter  connbta  of  ttbres  which  do  not  deCQl* 


•  LHoeut/  1894. 
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In  a  section  of  the  cord  atained  with  carmine  or  similar  rcaj 
and  examined  under  the  microscope,  the  affected  areas  are  conspicu:^ 
by  the  deep  stiiiaiiig'  of  the  connective  tissue.  The  position  of  j 
exoees  of  this  tissue,  of  the  "  sclerosis/'  as  it  is  termed,  iudicate^^ 
pl&oe  in  which  the  nerve-fibres  have  degenerated.  In  the  c^ 
frequent  condition,  in  which  the  legs  only  are  affected,  the  sder^ 
occupies  the  whole  of  the  colunms  in  the  lumbar  region  (Fig.  125)  ^ 
it  ia  often  slight  in  the  anterior  parts  of  the  postero-eitemal  colu  ^ 
which  may  even  be  free  from  Beleroais ;  also  in  the  middle  of  •^ 
column 9  many  more  nerve-fibres  may  be  seen  than  elsewhere, 
sclerosis  is  most  dense  in  the  part  adjacent  to  the  posterior  cb  m 
through  which  the  posterior  root-fibres  run,  and  near  the  surface  (.  J 
cord  (Fig.  125,  d  12).  Above  the  lumbar  enlargement  the  affecti  ^ 
the  postero-ejcternal  columns  gra,dually  ceases,  but  the  degenerat^^S 
intense  in  the  pustero-median  columns,  and  has  the  distribution  -j 
aaoendinp:  de^'eueration,  as  it  in  fact  ia,  receding  from  the  comuii  ^ 
in  the  upper  eerrica!  region.  (Compare  Fig.  Itio  with  Fig.  77,  p.  ^  ^ 
In  other  cases  the  external  band  of  sclerosis,  adjacent  to  the  c^^ 
continues  separate  through  the  dorsal  cord  and  even  through^^ 
cervical  enlargement  (Fig.  126) ;  the  median  degeneration  then 


Fio.  I2fl.— T»tb«ii  with  ataiy  of  the  Atma  nn  well  n^  the  leg*.  Section 
of  ronj  in  cervicnl  region,  fitiowiiig  teleri'sis  of  the  post.-med,  ooltimo 
arU  root'Zone  of  |io»t.-ext.  cot.     DegenerHtiDii  of  left  ftDt.  cornq. 

tip  to  tl^  commissure  throughout  the  cervical  region,  just  as  does  Lfai 
secondary  degeneration  that  results  from  a  cerrica-l  tesion  (see  Fig,  78 
p.  216).  But  in  the  cervical  enlargement,  the  uiiaffeet^  area  in  tin 
anterior  part  of  the  postero- external  column  is  usually  much  large: 
than  in  thp  lumbar  eular<:^ement. 

In  rare  cnsen,  of  severe  and  long  duration,  the  posterior  columns  aa 
occupied  by  connective  tissue  in  their  whole  extent  from  one  end  of  Ui 
cord  to  t.he  other.  A  few  fibres  of  the  posterior  roots  and  a  fel 
Tertical  fibres  near  the  commissure  may  alone  be  recognisable.  Aj 
instance  of  Buch  almost  complete  sclerosis  ia  shown  in  Fig.  127 

On  the  other  liand,  in  slight  cases,  in  which  the  disease  is  still  in  tlk 
first,  or  in  the  commencement  of  the  second  stage,  the  sclerosis  i 
moderate  in  degree*  even  in  the  regions  of   the  cord  most  affected 
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The  separation  of  tlie  Bcleroeed  areaa  in  thd  poBtero-extemal  and  the 
postero-median  olTimiiB  may  be 
kct  tlirouphout  thti  cord, 
)t  in  the  lumbar  enlarge- 
'  intent,  where  the  median  degene- 
ntion  expands  into  the  external 
column.  The  sclerosis  of  the 
[postero -external  column  is  then 
nsnallv  limited  to  the  root- zone, 
,Aud  Taries  m  width,  according 
to  that  of  the  area  through 
which  the  root-fibres  pass.  In 
the  dorsal  region  there  is  usu- 
ally a  narrow  band  of  sclerosis 
close  to  the  posterior  comu ;  in 
the  lumbar  region  it  reaches 
almost  to  the  median  septum. 
In  some  instances,  however,  % 
▼err  slight  degree  of  sclerosia 
uzteiids  from  the  most  alTected 
trai!t^  through  the  rest  of  the 
columns*  and  is  general! j  great- 
est in  their  posterior  half,  Thig 
condition  existed  in  the  Tery  in- 
structiye  case  shown  in  Fig.  128. 
The  intensification  of  this  dif- 
fuse  sclerosis  in  the  root-zone 
and  median  columns  is  very  dia> 
tinct,  although  the  affection  of 
the  latter  is  unusuallj  slight. 
There  is,  moreover,  in  the  dorsal 
region,  sclerosis  of  another  part 
of  the  postenKextemal  column 
— the  comma-shaped  tract  of 
short  fibres,  which  degenerates 
downwards  for  a  few  inches 
bt'low  a  transrerse  lesion  of  the 
cord  (see  p.  210  and  Figs.  78 
and  110,  p).  It  is  most  distinct 
in  V2S  lit  D  8,  but  can  be  traced 
np  to  the  oerrical  region,  where 
iti  form  is  changed 

The  tract  of  fine  fibres  of  the 
posterior  root,  diseoTered  hj 
IdSMoer,  is  geueraUj  diseased.* 

*  ft  wM  flr«t  de*cribed  by  Llttmuer 
lb  oonneclion  with  its  diae»ie  in  tabe«; 


Fi0.  127.  —  Locoiuotof  ataxy  s 

ineo-ordioation  aud  HnB»»tli«'Biii  in  both 
anna  and  Ugt;  the  poct^rtnr  colnmna 
are  tclerOaAd  tUrougbout  tbc  cord  io 
th«ir  entire  eiUnt^  A,  upp«r  c*  nriral, 
B,  C,  0,  dorval,  E,  lamtMr  rcKioD*.  lu 
Dtbere  i«  alw)  some  degetiermfcion  of  Um 
intemiediate  $Ttj  lubitanes. 
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The  ftntero-kteral  colottms  ma^ 
be  perfectly  normal,  even  when  the 
disease  of  the  posterior  colmnna 
i»  great.  Often,  however,  in  old 
cases,  there  is  a  slight  general 
increase  of  the  connecttTe  tissue 
throughout  the  cord.  Sometimes 
there  is  distinct  sclerosis  of  other 
definite  tracts,  c.  gr.  of  the  ascend- 
ing autero-lateral  tract  (as  in  Fig 
125),  or  of  the  direct  cerebellar 
tract.  In  rare  cases  there  is  a 
distinct  degeneration  of  the  pyra- 
midal tracts.  The  whole  periphery 
of  the  antero-IiitfrTal  column  is 
thus  occasionally  the  seat  of  scle- 
rosis, the  conneotiye  tissue  ex- 
tending in  from  the  pia  mater, 
which  is  nsiuany  also  thickt^ned; 
it  is  probable  that  this  condition 
may   be   solely   the  result  of   the 

Pio.  1S8.— Looo.  ATixrj  sctjebosis  of 
poaTBRioR  coLUMNa,— In  L  1  tJio  p<iB- 
torior  pnrti<^n  of  both  pa«t.-in«*l.  col. 
ftiid  pcMit,*cxt.  coL  ii  densely  tclerotLH], 
but  »n  front  only  the  pn«t;.>m«d.  col.  At 
D  10  the  scleroAig  U  nkho  genern)^  but  La 
dvttiv  of*!y  in  the  root  xoiieof  the  p***!.* 
cxt.  col.  At  D  8  and  D  i  the  chuiik'^e 
ti  flliglit,  except  in  three  HreMS  the  rtmt- 
zoiie«  the  lutddle  part  of  the  post.-iuf>d. 
ooL,  mid  tliQ  coinmii-flhaped  tract  in  the 
front  of  the  po^t.^cxt.  col.  At  D  1  th« 
eonimft-s)iiipe<1  tnu-t  is  iiArrow,  Hncl  in 
0  7  it  mier^es  in  a  hand  of  •ct«*roKis, 
whicli  ImiiiidB  the  iiutvrior  purt  of  tlie 
poit.-ined.  col,  Tliere  !•  a  little  diffate 
tcleroAiH  throuiJ:hthe  rest  r»(  the  coloma, 
and  in  the  first  doraal  there  >•  tome 
degenemtion  of  the  interior  eornua. — 
Syinptoin«  of  the  flr«t  itJige  lind  eiii«ted 
for  fijttr  jenrt  4  lightning  pun«,  uti^^ht 
sualgi'tiii^  Ioa§  of  knee-jerk  Mtid  iris-re- 
flex, ^faatric  crineii,  optic  nerv*  utrophy). 
A  few  weok«  before  death  the  legu 
graduMtljr  became  pamlyted,  and  the 
arms  ataxic  j  retention  of  nrine  ciiii»4>4) 
acute  kidney  tnl^ehief,  which  wa«  the 
iinnit^diate  cftnse  of  death.  No  l«*iiiuu 
wa»  found  aftiT  dmth  to  eX|il»iu  the 
•nbaeate  pamlyaii,  but  the  in'riphrral 
nerves  were  not  examint'd,  their  «lii* 
eH»e  \»U\s  t\wn  anknown. 

IM  'Neiir.  Cent,/  ISBS,  p.  245  {  dto  ib^ 

18»6,  \u  410, 
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primary  degeneration  of  the  nerve-fibr'^s  even  when  it  closely  simulates 
the  aspect  of  meuingitie  invasion,  Tbe  cornii-commissural  aiiri  septo- 
margixial  tra<its,  the  former  close  to  the  posterior  commiBsure  at  the 
most  anterior  part  of  the  posterior  cokimns,  the  latter  on  each  side  of  the 
posterior  median  septum,  are,  as  a  rule,  spared  in  tabes.  They  probably 
consist  of  i?iidogenoiis  fibres,  cormecting  different  levels  of  the  cord.* 

In  alight  cases  it  is  difficult  to  distinguish  any  chau|i^es  in  the  grey 
matter  of  the  cord,  although  it  is  probable  that  there  is  some  atrophy 
of  the  nerTe-cells  and  fibres  in  the  posterior  horn  in  many  cases. 
Various  structural  changes  can  be  diac*?rued  in  more  advanc4?d  rases 
(as  Lockhart  Clarke  first  showed),  and  the  posterior  commissure  may 
Ik*  reduced  in  size.  The  posterior  vesicular  column  alsn  shows  distinct 
defeneration  in  most  cases.  Some  atrophy  of  the  plexus  of  fine  fibres 
contained  in  this  column  is  said  to  be  almost  invariable  (Lissauer)^ 
but  frequently  the  cells  and  vertical  fibres  waste,  and  sometimes  only 
a  few  shrunken  cells,  scattered  throuj^h  a  translucent  nucleated  tissue, 
may  remain.  The  atrophy  of  the  cells  is  said  to  be  especially 
associated  with  sclerosis  of  the  direct  cerebeUar  tract;  also  (but  on 
slighter  evidence)  with  that  of  large  fibres  in  the  pyramidal  tract, 
whii'h  do  not  degenerate  downwards.  When  the  cells  are  unaffected, 
although  the  intervening  substance  is  diseased,  the  cerebellar  tract 
may  be  normal,  and  the  fibi*es  passing  to  it  from  the  front  of  the 
vesicular  tract  may  be  imaffecttni.  The  degeneration  of  the  grey 
matter  often  extends  into  the  intermediate  region  between  the  coruua 
(Fig.  127,  b)  ;  the  intermedin i-kteral  tract  of  cells  may  be  atrophied, 
and  occasionally  oven  the  anterior  comu  and  its  cells  suffer  in  a 
similar  way  (Figs.  126, 128,  D  1).  As  we  have  seen,  this  change  may 
be  the  cause  of  muscular  atrophy,  although  in  other  iustauces  the 
miiseular  wasting  depends  on  alterations  in  the  motor  nt*rves. 

The  sclerosis  varies  con^iiderably  in  its  liiatological  characters.  In 
slight  cases  there  is  merely  a  moderate  thickening  of  the  trabeculse 
and  their  branches.  The  larger  tracts  are  more  fibrous  than  normal, 
and  more  nuclei  are  seen  than  in  health.  Evei7  where  the  new  growth 
of  connective  tissue  proceeds  chiefly  from  the  pre-existing  tracts, 
vessel-walla,  «fcc.  When  the  change  is  considerable  the  trabecular  are 
very  broad,  and  areas  seem  to  consist  wholly  of  connective  tissue, 
fibriUated  and  nucleated.  In  old  cases  there  is  sometimes  little 
appearance  of  fibrillation  in  the  most  affecte^d  region ;  cells  and 
tbickened  vessels  lie  in  a  granular  or  homogeneous  tissue.  From  the 
parts  most  changed  the  nerve-fibres  havo  wholly  disapp»^ared  ;  in  other 
j>arts,  however,  close  examination  reveals  many  fibres  narrower  thaii 
normal,  and  many  stained  points  that  may  possibly  be  axis-cylinders. 
The  walls  of  the  vessels  are  tLsually  increa-sinl  iu  thickness,  sometimes 
to  a  veiy  considerable  degree.  The  coat  nejtt  the  endothelium  may  be 
thickened  and  contain  many  nuclei,  but  the  chief  increase,  in  moat 
cases,  ifl  in  the  outer  coat  and  adventitia,  whence  the  tracts  of  lisaue 
•  See  A.  Uruee,  *  Bmin,*  1807. 
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The  pia  mater  is  sometimaB 

;  the  Tesselfl  in  it  may  then  be 

in  the  membrane  may  extend  orer 

Iftterid  column,  aud  even  around  the 

stated,  septa  passing  from  it  into  the 

dnjiunferential  zone.     This  peripheral 

oi  three  distinct  prooeseea,  the  relatire 

different  cases:  (a)  a  primary  degene- 

ng  tracts;    (b)  a  proceaa  of  chronic 


imnmgitiH,  L'ervscai  rvjfiou*  Sclero»ii  of 
»  ftad  •Ik'bt  iltJTufl'e  scltTosis  of  the  eonl,  least  in 
Ite  right  Iftteral  column.  Thickeaed  pta  Tnnter^ 
MMl  ■operffrinj  Inyer  of  llie  cort\. 

-^•*diiig  from  the  pia  mater,  which  is  the  seat 

^i»»  fommtion  ;  this  may  cause  (e)  a  secondaiy 

m  the  fibres  affented  iu  the  first  prooeM.     It 

this  complexity  of  mechanism. 

products  of  degeneration,  maR»e«  of  myelin 

nay  be  found  in  the  affected  parts  when  these 

ite  methods. 

i«r  tewona  are  found  in  the  cord,  corresponding 

already  described.     The  lateral  column8  may  be 

I  any  thickeuinor  of  the   membranes.      Diffuse 

\  with,  aud,  ociMisiuiially,  characteristic  insular 

m  the  eerviral  mgion. 

•roota  may  apjx^r  normal  in  slight  cases:  it 

Uiat  only  a  considerable  decree  of  alteration  can 

_^_f^^__   ^«a  ^  t^*^   microscope.      Often    their   diaeasf*  is  con- 

.^^  ^^dfd  ia  much  affnted  they  are  invariably  affected, 

U  E^J*  ^^^^  thin  to  the  naked  eye,  while  the 

of  the  nerre-fibrefi  and  slight  increase  of 

tV*  jntia-sfiinal  part  may  be  much  more  altered 

The  changes  extend  to  the  ^.iiiglia.      Thvse 

^  ^^  ♦saMiiiM*  normal,  occasionally,  however,  much  altered, 

rinunodi&tely  beyond  them  may  l»e  almost  free  from 

•CVnk  f,  Mlg.  P.th.  u.  Path,  AOiit..'  imt,  Bd.  t. 
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degeneration*  The  anterior  nerve- roots  are  altojEretlier  normal,  exo4»pt  in 
the  rare  cases  in  which  the  anterior  corntxa  liave  aulfered,  and  then  some 
of  their  fibres  may  be  degenerated,  and  the  atrophied  fibrtfs  may  be 
traced  also  in  the  mixed  nerve-trunk  beyond  the  junction  of  the  roota. 
The  penpb^ral  spinal  nerrea  have  been  found  degenerated  and  in 
varioua  degrees  of  atrophy  in  a  krge  number  of  cases  of  tabes.*  The 
change  consists  in  a  wasting  of  the  nerve- fibres,  beginning  in  the 
white  Bubatance,  which  raay  be  reduced  to  a  very  narrow  layer. 
Ultimately  the  axis-cylindera  pensh ;  they  are  said  to  presient  irre- 
gidar  swellings  when  the  aheath  begins  to  waate.f  There  may  be  a 
slight  increase  in  the  interstitial  tissue  and 
nuclei^  but  the  change  commences  in  the 
nerve-fibres  themselvea  The  degeneration 
18  greatest  in  the  terminal  nerve- filaments, 
and  lessens  in  degree  as  the  nerves  are  exa- 
mined higher  up^  gradually  ceasing  in  the 
larger  trunks,  and  before  the  plexuses  or 
corresponding  main  dirisions  are  reached, 
the  fibres  are  almost  always  ht*althy.  The 
sensory  fibres  seem  to  be  eiclufiivf  ly  affected. 
The  legion  has  hitherto  been  found  chiefly  in 
the  sensory  nerves  that  supply  the  skin  and 
joints,  but  that  the  sensory  nerves  of  muscle 
undergo  a  similar  change  has  been  ascer- 
tained by  Dt'jfrine.  It  is  probable  that 
these  afferent  muscle  nerves  are  invariably 
diseased,  especially  the  fibres  coocemed 
in  c-cjndiicting  the  impressions  that  ^lide 
co-ordination,  spinal  and  cerebellar  '>n  the 
former  of  which  the  knee-jerk  C  pend  ac- 
oordiiigto  the  theory  maintained  on  an  earlier 
page.  The  detection  of  this  dt^generation, 
among  the  unchanged  motor  fi^bres  of  the 
nerves,  is  very  difficult,  and  this  explains  the 
paucity  of  evidence  of  it,  'llae  peripheral 
degeneration  is  found  most  commonly  in  the 
legs,  but  is  met  with  also  in  the  anna  when 
these  are  the  sent  of  symptoms.  The  change 
in  thenervea  bears  no  relation  to  that  in  the 
spinal  cord  in  degree,  or  even  in  existence, 
for  extreme  alteraliona  have  been  found  in  the  nerves  when  the  cord 
was  quite  normal.  On  the  other  hand,  in  some  cases,  the  nerves  have 
been  healthy. 

•  The  flmt  oUservation  wjw  made  by  Westpliiil,  but  the  extent  and  significarjce  of 
th«  change  in  the  nerve*  wa»  potnteil  out  hy  Pierret  (13S0),  nitd  hii  ob«ervution  Wat 
•ocm  after  oon  Armed  and  exteuiiect  tty  Dejerine  and  Pi  tret. 

t  Sphmauft, '  Deut.  Arch,  f.  klin.  Med,  *  1890. 


Fl&.  130,— OnBeoua  leaionn 
in  tabe«.  (Aftir  Charcot,) 
A.  Atr»pliy  of  the  hewd 
of  thti  rvmur.  K.  Eices- 
sive  formation  of  callu« 
MfttT  io-cftHed  "tipontrt- 
niMiiit*'  fiftcturu  of  the 
tihta  and  r«diiiR. 
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The  optic  nerves,  wlxen  atrophied,  present  wasting  of  tlie  nerve* 
fibres,  and  usuallv  a  rftmarkable  increase  in  the  interstitial  connectiTe 
tissue,  whi«'h  cuuslitut^'8  thick  tracts  of  gelatinous  aspect.  Dege- 
neration of  the  ascending  or  descending  roots  of  the  fifth  nerve  has 
been  repeateiilj  found  {fii^st  hy  Westphal  in  18G4))  in  cases  in  which 
Bjmptomg  were  present  in  the  aresi  of  its  distribution.  SimiJiir 
changes  in  the  roots  or  nuclei  of  other  cranial  nerves  have  also  been 
found. 

Piern-t  has  described,  as  common  in  cases  with  vaso^motor  and 
visceral  symptom 8,  a  degeneration  of  the  in t'erme<lio -lateral  tract  and 
adjacent  nerve-iibres  in  the  upper  pai*t  of  the  cord,  traceable  up  the 
meduila  oblongata  in  the  region  of  the  so-called  **  slender  column," 
adjacent  to  the  accessory,  glosso-pharjngeal,  and  pneumogastric 
nuclei,  from  which  it  is  supposed  that  the  chief  visceral  and  vaso- 
inotor  influences  are  exerted.  The  sympathetic  has  been  examined  in 
several  cases,  and  found  healthy,  with  one  exception,  in  which  the 
sympathetic  on  the  left  side  of  the  neck  was  degenerated  in  associa- 
tion with  left  exophthalmos. 

In  the  diseased  bones  or  joints  conspicuous  changes  are  found 
after  death.  There  is  occasionally  an  extraordinary  wasting  of  the 
articular  ends  of  the  bones,  which  seems  to  l>egin  by  rapid  erosion  of 
the  cartilages,  extending  quickly  to  the  bone  beyond,  the  extremity  of 
which  may  be  much  reduced  in  size  and  altered  in  form.  In  the  hip- 
joint,  for  in«t4iuce,  in  a  case  recorded  by  Charcot,  the  edges  of  the 
acetabulum  had  been  removed,  and  the  whole  of  the  head  of  the  femur 
and  most  of  the  tnM:hanter  had  disappeared  (Fig.  130). 

Siiiiilar  changes  have  been  found  in  most  of  the  larger  joint*.  In 
the  bones  the  compact  tissue  has  been  found  thinner  and  more  porous 
than  normal.  At  the  se-at  of  old  fractures  a  large  amount  of  bony 
callus  is  formed  (Fig.  130).  and  sometimes  new  bone  is  found  in  the 
capsule  of  joints  t  hat  have  been  injured. 

Patiiolooy. — The  great  fact  of  the  pathologA'of  tabes  is  that  it  is 
a  neuiul  degeneration  in  the  sensory  nervous  system,  peripheral  and 
central.  In  both  peripheral  nerves  and  spinal  cord,  the  incidence  of 
the  disease  is  almost  excluaively  on  the  structures  concerned  in  afferent 
conduction.  The  cerebral  system  suffers  in  far  less  degree  than  the 
spinal,  and  in  more  irregular  manner,  but  in  the  occasional  peripheral 
degeneration  of  the  optic  nerve,  and  the  central  changes  in  the  roots 
of  th<^  fifth,  we  may  trace  the  same  law  of  dtstiibution.  It  is  less 
dominant,  however,  than  in  the  spinal  system,  since  some  of  the 
cranial  nerve  symptoms  are  exclusively  motor.  The  motor  character 
of  the  le;iding  symptom,  ataxy,  is,  as  we  shall  see,  only  an  apparent 
and  not  a  real  exception  to  the  general  sensory  character  of  the 
malady. 

The  degeneration  commences  in  the  nerve-elements  themselves ; 
the  overgrowth  of  connective  tissue,  which  gives  to  the  lesion  its 
obtrnsiv.'   ebaracter,  is  secondary.     This  fact  has  been  obeerved  in 
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the  peripl^'^nil  nerves ;  a*  regards  the  spinal  cord  it  rests  on  inference 
scarcely  lesa  certain.  That  it  is  true  of  the  spinal  cord  has,  indeed, 
been  doubted,  chiefly  on  the  ground  of  the  thickening  of  the  walls  of 
the  vessels  seen  in  some  cases,  and  the  manner  in  which  the  increase  of 
tisane  seems  to  start  from  them.  But  the  "  svetem  "  character  of  a 
disease,  the  limitation  of  a  wide-spread  lesion  in  its  early  stage  or  slight 
d^^re^  to  struetnreg  having  a  common  function,  is  probably  in  all 
cases  proof  of  its  neural  origin,  i.  e,  its  origin  in  the  nerve-elemcnta 
themselves.  In  tabes  the  disease  of  the  peripheral  nerves  depends  on 
decay  of  the  fibres,  and  the  partial  character  of  the  seiisr^ry  loss 
.adicates  the  limitation  of  the  chief  lesion  to  fibres  of  one  sensoiy 
fuDction.  There  is  every  gradation,  moreover,  between  the  cases  in 
which  the  interstitial  and  perivascnlar  diseuse  is  considerable,  and 
those  in  which  it  is  so  slight  thatthureia  nothing  to  suggest  a  primary 
interstitial  process  The  change  in  the  vessels  may  reach  a  high  degree 
in  the  posterior  median  columns  when  their  degeneration  is  purely 
secondary,  and  certainlj  commences  in  the  n* .  ve-fibres,  being  the 
result  of  a  focal  lesion ;  c,  similar  thickening  of  the  vessels  has  also 
been  mot  with  in  secondary  degenerations  in  other  parts.  It  is  most 
important  to  remember  that  the  overgrowth  of  the  neuroglia  is  a 
patliologieal  process  t>f  ^n^wlh  difitingui^hable  (and  to  a  large  extent 
distmct)  from  the  de'^otu-rai  ion  of  the  nerve-fibres  that,  eicites  it.  It 
may  vary  in  degree  in  different  cases,  and,  even  in  the  secondary 
degeneration  of  peripheral  nerves,  may  assume  an  independent  energy 
and  even  present  an  inflammatory  chanu^ter.  Once  excited,  the  process 
of  tissue -1,' row  til  niav  l:>tj  largely  independent  of  its  cause  Secondary 
Tascular  disturkince  may  attend  it,  and  thus  a  sub-infl»mmatory  con- 
dition (or  even  a  true  inflammatory  condition)  is  probably  sometimes 
developed;  it  may  invade  the  pia  mater,  and  through  this  may  spread 
widely. 

The  chief  causal  fact  regarding  the  diseaao  is  its  common  relation 
to  syphilis.  Tabes  is  generally,  although  possibly  not  invariably,  a 
post- syphilitic  disease  ;  certain  elements  of  the  nervons  system 
degenerate  in  conftequence  of  the  influnice  on  them  of  previous 
syphiUs,  There  may  be  indeed,  present  and  active  syphilis,  but^ 
generally  the  active  sl^ge  of  the  disease  is  over.  Syphilis  Is  often  a 
prolonged  malady,  in  which  the  results  of  its  earlier  activity  sometimes 
coincide  with  its  later  specific  effect.  The  elements  that  suffer  have 
some  spei^ial  Uability  to  degeneration,  their  nutrition  may  fail  from 
other  eausL'S,  hnt  they  seem  t(^  possess  a  special  susceptibility  to  the 
influence  of  syphilis.  The  usual  symmetry  of  tabetic  lesions  indieates 
that  the  mechanism  by  which  syphilis  affects  the  nervous  system  ia  a 
blood-state.  The  manner  in  which  the  peripheral  nerves  suffer  in 
many  cases,  brings  tabes,  in  spite  of  its  chronicity,  into  analogy  with 
the  more  acute  forms  of  peripheral  neuritis,  such  as  are  due  to  toxic 
agents,  sometimes  the  result  of  acute  si)e<  ifie  diseases.  The  long 
interval  which  elapses  between  lyphilia  and  tabes  and  the  common 
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glowuees  of  tlie  tabetic  process  are  011I7  in  proportion  to  tbt 
cbronicity  of  the  cauaal  malaJj»  ootnpared  witli  the  acute  specifie 
difleases  that  have  neuritic  sequelie  Further,  the  considerationi 
mentioned  in  the  account  of  multiple  neuritis,  which  su^^gest  that  ita 
immediate  cause,  when  it  is  due  to  an  acute  blood  disease,  la  a  product 
of  the  growth  of  the  organisms  of  the  primary  maladj,  rather  than 
the  orgaiu8m.8  themselves,  hold  good  also  in  the  case  of  syphilis  and 
tabes.  The  depjenerative  i-hauj^ea  iu  the  nervous  system  differ  from 
tht*  lesions  of  active  sjphiliH,  both  iu  character  and  in  time,  iu  such  a 
way  as  to  make  the  assumption  reasonable  that  they  depend  upon 
some  product  of  the  growth  of  the  eyphilitic  organisms,  a  product 
which  is  probably  a  chemitml  toxine,  a  suggestion  first  made  by 
Striimpelb  and  widely  held  regarding  other  analogous  maladies.  R^'cent 
research  is  brinjjing  iuio  ever  greater  promiuence  the  important  part 
played  by  such  products  in  the  generation  and  course  of  diseases.  la 
the  specific  diseases  that  have  these  sequel®,  there  may  be  more  than 
onB  such  product  of  their  organisms,  causing  more  than  one  kind  of 
consequeuee.  The  differences  between  such  nerve  degenerations  aa 
those  of  tabea,  and  other  lat^e  effects  of  syphilis,  is  at  least  not  difficult 
to  comprehend  on  thts  hypothesis ;  neither  is  the  fact — which  hat 
been  so  great  a  difficulty  to  tuany — that  the  treatment  which  has  eo 
Bpeedy  an  effect  on  svpliilia  itself,  is  generally  without  influence  on  the 
degenerative  processes  that  sometimes  follow  it. 

Tabes  is  probably  a  rare  sequel,  when  regarded  from  the  side  of 
syphilis.  But  the  occurrence  of  such  consequences  in  some  instanoea 
and  not  in  others  has  analogies  in  the  case  of  almost  aU  the  acute 
specific  diseases  that  have  similar  sequelae,  and  must  bo  taken  tm 
evidence  of  variations  in  the  precise  character  of  the  primary  disease. 
Tlie  virus  of  syphilis  is  doubtless  organismal;  this  has  not,  indeed, 
been  demonstrated,  but  the  analogy  it  presents  with  other  specifie 
diseases  precludes  doubt  on  the  subjcit.  Similar  variations  in  the 
se<|Uel9B  are  familiar  to  us  in  the  case  of  other  diseases.  They  some- 
times hare,  and  at  other  times  have  not,  consecutive  effects  upon  the 
nervous  system,  as  in  the  familiar  instance  of  diphtheria.  Diph- 
theritic paralysis  is  a  res^ilt  of  the  disease,  most  invgalar  in  occurrenoe 
and  degree.  But  it  deserves  note  that  its  depeudenie  on  a  chemical 
toiin,  the  indirect  i-esult  of  the  organisms,  has  been  conclusively 
proved  by  Sidney  Martin.  The  signLficance  of  the  fact  is  the  grctiter, 
ioiiamuch  as  its  effects  sometimes  closely  resemble  the  symptoms  of 
ta1x»s. 

These  considerations  receive  a  notable  emphasis  from  the  occur* 
fence  of  tabes  in  children  who  are  the  subjct^ts  of  inherited  syphilis, 
to  whom  the  disease  in  early  life  is  probably  confined.  It  has  been 
present  in  all  the  cases  that  have  come  under  my  notice.  But  the 
sequel  differs  mu<.'h  from  those  that  are  i-elated  to  other  diseasee. 
Its  occurrence  is  quite  independent  of  the  thoroughnesa  of  treatment 
of  the  primaiy  disease. 
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The  pathological  facU  aJreadj  known  enable  \u  to  understand  rfumy 
of  the  Bjmptoms  of  the  diseEifl©.  There  may  be  on  interruption  of  the 
eenaorr  path  in  one  or  both  of  two  pLijces,  in  the  peripheral  nerves^ 
and  in  the  posterior  root- fibres  as  they  enter  the  eord,  ajad  an  inter- 
ruption of  the  fibres  in  either  place  will  explain  the  loss  of  sensibility 
which  is  so  freijuently  present.  The  pains  may  most  reasonably  be 
aseribed^  to  the  molecnlar  changes  in  the  periph«^ral  nerve-fibres.  The 
intensity  of  a  sensation  is  no  measure  of  that  of  the  process  that  causes 
it.  WhethirT  the  affection  of  the  cells  of  the  posterior  ganglia,  or  of 
the  posterior  comua  of  the  cord  *  takes  part  in  the  production  of  the 
symptoms  we  c^mnot  tclL  These  ceDs  are  the  nutritiomH  centres  of 
the  sensory  "  neurons,**  within  the  influence  of  which  are  the  struc- 
tures that  degenerate.  It  is  noteworthy  that  the  affection  of  the 
peripheral  nerves  must  iuFolre  the  structures  hy  which  the  nerve- 
bnpulses  of  sensation  are  normally  generated  by  mechanical  and 
other  processes.  The  long  persistence  of  pains  without  any  inci-ease 
in  the  symptoms,  shows  tliat  they  may  be  due  to  the  action  of 
itructiirea  that  are  changed,  but  not  changing.  The  loss  of  reflex 
action  from  the  skiu  is  f'ij*lained  by  the  interruption  of  the  sensory 
path^  and  an  increased  irritability  of  the  sensory  nerves,  the  result  of 
even  slight  degenerative  changes,  sufficiently  explains  both  the  hyper- 
BB«the«ia  and  tlie  increase  of  reflex  action  sometimes  observed. 

What<:?ver  theory  of  the  nature  of  the  so-called  "  tondon-reHex " 
action  IS  held,  the  loss  of  the  knee-jerk  must  be  explained  by  an 
interruption  of  the  sensory  path.  On  the  theory  I  have  advanot*dr 
the  arrest  of  impressions  from  the  afferent  muscular  nen^ea  abolishes 
the  muscle-reflex  action  on  which  the  local  irritability  dejiends  (see 
p  25),  Many  other  facts  of  disease  show  that  this  irritability  is 
easily  lost,  and  that  a  very  slight  chaugc  in  any  part  of  the  reflex 
arc^  too  slight  to  cause  other  symptomB,  is  suflicient  to  arrest  the  knee- 
jerk.f  Hence  we  can  uuderat^iud  that  this  loss  should  be  constant 
and  early.  It  is  not  improbable,  moreover,  that  these  nerves  suffer  in 
special  degree  The  muscles  may  be  insensitive  to  pain,  e.  (f.  that  of 
electric^il  stimulation  Pressure  and  extension,  which  in  health  are 
painful,  sometimes  cause  no  sensation,  even  when  the  skin  U  sen- 
Rtive. 

The  mechanism  of  the  muscular  inco-ordination,  which  is  the 
obtrusive  symptom  of  the  disease,  has  been  the  subject  of  much  dis- 
cussion. Two  fundamental  facts,  however,  Hmit  the  problem.  First, 
the  ataxy  cannot  be  primarily  due  to  the  loss  of  cutaneous  sensibility. 

*  In  diseaH  of  the  uerv* -riioU  of  the  t^ttda  equina  ther«  !•  ftlwayg  afloendln^' 
degeiiemtion  of  tbe  poaterior  uieiiUu  l''i^]ul]1n.•,  but  not  of  the  auter^i-Wceral  aioend- 
Ing:  trscW  Et^nce  the  roiit-ftbrea  from  vvhleh  ihf  patli  h  coatinued  bj  tliiji  tract 
must  end  in  nenre>cells  in  tlie  poit«rior  coriiun,  and  tlie  defeneration  of  this  tinut 
in  tabei  b  proof  of  the  degenoratioo  of  thetfe  twnsory  oelk.  See  the  *  Laiioat, 
June  19th,  1886, 

t  S.ff.  i^»  low  flftPT  diphtheria  wh«n  Iherft  fire  no  other  ijmptomi. 
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of  tHe  oonduciing  patli  in  the  cord  may  oanse  &b«oliite 
of  the  skill  without  the  leut  iktaxj.  Althaogh  this  doei 
aoi  prore  that  interruplioii  of  the  senaoTy  path  in  the  neires,  betwet^ji 
Um  skin  and  the  reHex  centres,  may  not  cause  inoo-ordiniition,  tbii 
thOMnt  seeme  to  be  excluded  by  the  fact  that  there  is  no  relatioa 
betwMOl  the  ataxy  and  the  loss  of  feeling  in  the  skin.  There  mar  be, 
in  tabes »  much  ataxy  without  any  cutaneous  anffistbetim,  and  vici 
p^nS.  The  second  fact  is  that  ataxy  may  exist  in  oonsidembto  degne 
when  the  lesion  is  solely  one  of  the  peripheral  nervee,  or  nerve-ttH)*!. 
and  the  posterior  columns  of  the  cord  are  free  from  diseaae.*  Tbsw 
two  £act8,  taken  together,  seem  to  show  that  the  ata^  may  be  pfo- 
ttuoed  by  one  mechanism,  even  operating  alone,  the  disease  of  the 
afferent  musde-nerres.  If  the  loss  of  the  knee-jerk  in  tabes  if  to 
Oe  taken,  as  I  belieTe  it  may,  as  an  indication  of  the  disease  of  thesD 
nerves,  the  constancy  of  the  loss  shows  the  constancy  of  the  prtjaenoe 
of  this  element,  in  some  degree.  As  just  stated,  a  Tery  s%ht  degree 
of  disease  may  abolish  the  knee-jerk ;  it  is  probable  that  a  greaitBr 
degree  is  neetled  to  cause  iuco-ordiuation,  and  a  still  greater  change  t/> 
produce  actual  insensibility  to  pressure  or  extension. 

In  unilateral  lesions  of  the  spinal  cord,  as  we  have  already  SMA 
(p.  272) » there  may  be  loss  of  the  sense  of  posture^  with  intact  cutaneoiii 
sensibility,  on  the  side  of  the  lesion*  and  no  loss  of  this  sense  on  the 
opposite  side,  on  which  cut^ineous  sensibility  is  lost.  In  such  a  oaie 
marked  ataxy  has  been  obst^rved  on  the  side  on  which  the  aenio  of 
posture  was  lost,  when  motor  power  retumed.t  Whatever  effect  in 
causing  ataxy  is  produced  by  disease  of  the  path  of  muscular  sensi- 
bility in  the  sj>inal  cord  must  also  be  produced  by  interruption  of  the 
path  between  the  muscles  and  the  cord.  The  latter  must  also  arrest 
whatever  reflex  action  depends  upon  these  mugcL-nerres.J  and  it  m 
possible  that  such  reflex  action  takes  some  part  in  the  median iam  of 
muscular  co-ordination. 

In  this  connection  it  is  important  to  note  that  the  fibres  that  pan 
up  by  the  posterior  median  columns  seem  to  constitute  the  path  from 
these  nerves.    The  root>ibres  to  the  columns  pass  up,  a«  the  path  is 
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*  Apart  from  th«  evideoee  of  tbU  from  wms  of  ebsrmctoiiitio  Uhm^  a  wmj 

3tiitructiv«  CAM  bu  been  retorded  by  Dr.  Ha^bea  BiMinfit^  in  wbid^  dt  the  lyw- 

|iU>m*  of  t]il>e*  were  preaeut  in  n  cute  of  multiple  tumours  of  tbo  poaterior  nerve* 

roota  ('  Clitiical  Soo.  TntiMcttotis*  vol.  xviiiu     AUty  ha«  alio  reaulted  from  ot 

proctiaaes,  aucb  M  ligary,  that  biiv«  esused  extencire  damaga  to  tb«*  poatciior  rooiai 

alone. 

t  Gilbert  I  aee  foot-note,  p.  272. 

^  Id  a  eaae  in  wliich  the  ineo  ordinatioo  waa  much  greater  la  the  rl^bt  leg  Ifaaa 

in  ibo  left,aiid  cutaneous  sensibilitj  was  equally  impaired  in  tbe  twoy  »  atrung  tr«e- 

tion  on  tbe  f«lf  niusclea,  by  forcible  paaaive  flexion  of  the  foot,  prudeced  a  diatinrt 

aenaatton  in  the  eiten>1ed  tnoacVea  of  tbe  left  Irg^,  and  no  aenaation  in  tboae  «f  tbe 

right.     In  Qnoth«T  eiiie»  In  w^iicb  tbe  akin  waa  aeoiitive  to  the  •litrbteat  iotieli,  |lie 

it  was  uncon«rioua  of  a  vigorous  exteuslonol  tbe  loee  pruduoed  bj 

Lton  uf  tbrir  sliovt  esteuaor. 
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proved  to  do,  without  decufisaibg,  and  tbej  may  be  diaenBed  in  intense 
degrw  \fchen  there  is  no  loss  of  cutaneous  sensibility.*  This  tract 
JH  affected  in  almost  all  cases  of  tabes  in  which  there  is  a  lesion  in 
the  cord,  and  in  aU  such  cases  in  which  there  is  ataxy.  This  fact 
>8t8  that  the  lesion  is  first  and  chiefly  of  the  nerve-fbres  from  the 
"^nwles.f 

The  pjslerior  median  columns  (extensively  connected  with  the  cere- 
[belluiu)  and  the  dii-ect  cerebellar  tract,  probably  conduct  to  the  cere- 
ill  am  the  impresBions  from  the  sensory  muscle-nerves  If  so,  the 
disease  of  these  tracts  and  m^rves  must  int-erfere  with  the  co-ordLuating 
action  of  the  cereljellum,  und  cause  some  part  of  the  loss  of  function 
which  results  from  disease  of  the  cerebellum  itself. 

There  is  another  mechanism  which  may  co-operate  in  increasing 
Etaxy«  The  vertical  fibres  of  the  postero-eitemai  column  have  only 
a  short  course,  and  some  probably  connect  the  posterior  grey  matter 
at  adjacent  levels.  The  aflFcction  of  these  fibres  seems  to  be  proved  by 
the  fact  that  the  comma-shaped  bundle  of  fibres  in  the  front  of  the 
postero-eitemal  coliuon  may  be  specially  degenerated.  This  lesion 
may  impair  the  association  of  the  sensoiy  structures,  and  so  cause  a 
want  of  harmony  in  the  central  mechanism.  The  theory  that  the 
ataxy  was  due  to  such  a  mechanism  was  advanced  by  Todd  in  1847, 
It  is  not  probable  that,  if  effective,  it  has  more  than  an  intensifying 
influence,  since  ataxy  may  exist  when  the  posterior  colum^ns  are 
throughout  unaffected.  The  discovery  that  ataxy  may  result  from 
alcoholic  peripheral  neuritis  confirms  the  view  of  its  origin  aboTe 
stated 

Although  cutaneotts  anaesthesia  cannot  alone  produce  ataxy,  it  may 
reiisonabljF  be  assumed  to  increase  that  which  already  exists.  Sensa- 
tions from  the  skin  furnish  important  guidance  to  tlic  motor  cerebral 
centres,  and  are  probalily  also  ooncemed  in  such  reflex  muscular  actions 
as  that  of  standing.  Similar  guidance  to  the  cerebral  co-ordinating 
centres  is  also  afforded  by  visual  impressions,  the  loss  of  which  distinctly 
au^^ents  the  defect  of  oo-ordination.  The  varying  characters  of  the 
ataxy  in  different  caaes  probably  depend  on  the  local  variations  in  the 
diegroe  of  change  in  the  muscle-nerves.  The  special  effect  of  the 
disedise  of  other  elements  of  the  cord,  related  to  the  posterior  roots 
(m  ihe  posterior  vehicular  column,  Clarke's  column),  has  still  to  be 
ascertained. 

It  is  probable  that  co-ordination  is  chiefly  an  automatic  prooesi 
depending  |iartly  on  musde-reflox  actions,  and  on  the  connection  of 
neighbourinj^  sensory  structures  in  the  spinal  cord,  but  chiefly  on  the 
fundi  m  of  the  cerebellum,   determined    by   the  connection  of  the 

*  Ttti«  pottrrior  trn^'t  It  luott  diteM«d  on  the  Aiile  0|)po«its  to  Ltuit  od  which  thci 
t«  inoAt  d^gonrmtioii  of  th«  Rmero-l«t<*r«1  nAcendingr  tract. 

f  Th«  opinion  ibAt  llie  Rtazy  depimda  on  Smpatrttii'Cit  of  the  mtiMtiiUr  senM  wm 
|rait  fir>rwiird  in  1855  hy  Dr.  Knutell  KvyuuM*;  •««  p.  446.  Dejerine  hit*  tk\*o  aaao. 
Hjit^'d  the  atBTy  whh  tlio  ilrg» ncrntioti  of  ihts  f.<?H}»her»l  tetiaor^  uiusde>iienr«e 
-('Art-hivee  d«  Phy^ioiigl*','  3nl  •erie*,  vol,  iti,  p.  231}, 
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muscles  with  it»  and  that  the  interniptioa  of  IMa  oonnectioii  in  Ukq 
chit'l  t^Ljinent  in  the  inco-ordlaation  of  loc^>motor  ataxy-  It  >«  prolMible 
also  that  the  automatic  processes  are  in  part  under  cerebral  ooBtrol. 
guided  by  JwnBory  impressious  vth'wh  do  not  ent^r  the  sphere  of 
OonsciousueiSB,  and  that  the  deran^veiueut  of  this  eontiol  will  iDt4.'iifl[rf 
inoo-ordination.  though  incapable  of  producing  it.  We  do  not  at 
present  know  to  what  extent,  in  any  given  case,  the  symptonu  are  due 
to  the  cord  disease  or  to  the  pori|>hiL>ral  nerre  lesioiift.  AppareoUy 
pains,  ataxy,  and  antesthesia  may  be  due  to  either.  lli«  quecitoa  cao 
only  bu  decided  by  the  coniptmson  of  symptnma  and  pnthologioa] 
uhangus  in  a  large  number  of  easet*  That  anu^tttheBia  may  Ite  doe  to 
the  peripht'ral  changes  is  proyed  by  the  obsi'i'vini  correspondence  of  the 
two  in  distribution  (Dejiriue). 

Tht;  trophic  changes  in  the  skin,  bones,  and  joints  are  probcibl/  dtie 
to  the  process  of  «legeneration  in  the  peripheral  nerves.  The  deg6lliftl»- 
tiou  has  beeu  found  in  aU  cases  of  the  kind  in  which  it  has  been  lcH>k«d 
for,  and  found  also  in  the  nerres  of  diseased  joints.  'Vhe  pathology  of 
the  musculai'  wasting  has  been  already  meiitiomML 

Tho  paiuti  in  the  region  of  the  fifth  nerve  are  explained  by  the  lesions 
in  it  root,  especially  in  its  ascending  root,  which,  coming  up  from  th« 
medulla,  is  homologous  with  the  posterior  spinal  roots.  Thia  neme, 
indeed,  as  Pierret  has  pointed  outi  represents  the  sensory  roots  of 
almOHt  all  the  motor  cranial  nerves.  The  degeneration  of  the  optic 
nervo  is  fairly  comparable  with  that  of  the  peripheral  spinal  nerves. 
Considering  the  special  character  of  the  optic  nenre^  the  absentH)  of 
degeneration  of  the  retina  does  not  seem  to  destroy  the  anaJogy 
between  the  two.  Begarding  the  pathology  of  the  nsceral  oriaet  we 
kuuw  but  little. 

llie  transient  motor  symptoms  in  the  limbs,  and  in  the  eyeball 
moaclet,  are  ftpp&iently  of  functional  origin.  They  must  be  diatin- 
guiahed  from  the  lasting  palsies,  which  are  probably  due  to  degene- 
rative processes  in  the  nerves  or  nuclei.  Such  transient  paralysis 
may  precede  endivring  paoiilysis  due  to  nuclear  deg^nerikrtion.  The 
loes  of  function  of  the  internal  ocular  muscles,  being  peraiatent,  must 
be  ascribed  to  defeneration  of  the  related  centres.  But  even  the 
light-redex  nay  return  {in  rare  eases)  after  it  has  been  absent  for 
years,  aad  ita  loss  must  therefore  depend,  at  least  eomeliiaea.  va 
Oftolccnhir  changes  capable  of  recovery.  It  is,  indeed,  important  to 
lemeiubcT  that  t^U's  is  a  disease  which  begins  as  a  derangement  of 
molecular  nutrition,  which  is  probably  only  to  be  discerned  when 
relatively  great  in  its  degree  If  we  also  remember  that  this  derange- 
ment Ls  the  result  of  some  toxic  material  or  virus  circulating  in  the 
blood,  we  can  undorstand  Ktter  the  leading  facts  of  the  diaeaae,  and 
especially  the  variations  iu  its  course,  ita  degree,  and  the  nrocl^ 
character  of  the  symptoms. 

DiAGNosjs.^ — The  diagnosis  of  tabea  reeta  on  the  combinunon 
ay mptoiua  already  deacrihed.    In  the  early  atage,  the  lata  of  th# 
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jcrV»  together  with  pains,  or  iinsteadinesB  on  st&nding  with  the  feet 
together  and  the  eyes  closed,  justifies  a  diiLgnosis  of  the  commenHns^ 
affection,  provided  we  can  eichidt'  toxic  peripheral  neuritis  (especially 
Ilu4  due  to  idcohol).  dirilietes,  and  diphtheritic  palsy.     A  lesion  of  HkQ 

itepior  comxm  or  nerve-roots  is  excluded  by  the  absence  of  wasting  of 
musdea  or  change  in  their  irritability,  Th**  diagnostic  value  of 
the  loss  of  the  knee-jerk  can  hardly  bt-  overrated.  It  is  probably  never 
absent  in  health.  If  there  is  doubt  as  to  its  \o»i,  the  precautions 
raeomtnendeil  on  p.  21  should  be  adopted.   Wlien  it  is  lost,  and  reflex 

:ion  is  in  excess,  a  true  reflex  movement  may  sometimes  simulate 
jerk ;  the  distinction  is  that  the  tap  sometimes  causes  a  movement 
and  sometimes  does  not;  that  an  interval,  btief  but  appreciable, 
tdapses  before  the  movement  occurs;  that  a  similar  movement  is 
eaiued  by  a  prick  on  the  skin,  and  that  the  delayed  oontraction  some- 
times  occurs  in  the  other  leg,  or  in  the  udductors  of  both  legs.*  In 
cases  in  which  the  knee-jerk  is  present,  the  diagnosis  of  tabes  is  only 
justified  by  distLnct  and  characteristic  inco-ordination.  In  the  few 
gateg  of  this  kind  that  have  come  under  my  own  observation,  the  knee- 
jerk  has  been  either  unequal  on  the  two  sides,  or  has  been  luat  on  ore* 
Such  abnormality  is  probably  the  rule  in  these  cases,  and  the  diagnosis 
is  thus  facilitated.  In  a  case  with  lightning  pains,  but  neither  inco* 
ordination  nor  loss  of  knee-jerk,  a  suspicion  of  tabes  would  be  justified 
by  the  presence  of  some  other  symptom,  such  as  retention  or  incon- 
ttneooe  of  urine,  loss  of  sexual  power,  or  loss  of  the  iris-reflex.  As  we 
hav«  ieen,  it  is  probable  that  cases  occur  in  which  these  pains  edst 
alooe^ — a  condition  that  may  be  termed  *'  tabetic  neuralgia,** 

The  loss  of  the  iris-reflex  is  of  great  diagnostic  importance.  It 
shows  that  a  degenerative  process  is  at  work  in  the  nervous  system, 
and  it  suggests,  therefore,  that  other  symptoms  are  also  due  to  de- 
generation. But  since  the  iris-reflex  is  not  always  lost  in  tabes,  the 
negative  significance  of  a  normal  reflex  is  far  less  than  is  the  positive 
Ki^nificance  of  its  loss.  The  practical  value  of  this  symptom  can 
hardly  be  overrated.  It  puts  the  observer,  so  to  speak,  on  the  track 
of  nerve  degeneration.  Its  loss  is,  moreover,  so  often  due  to  preceding 
syphilis,  that  it  should  alwavs  suggest  this  antecedecnt. 

TheT«  are  certain  diseases  with  which  tabea  is  especially  liable  to 
be  c<mfoimded.  One  of  these  is  multiple  alcoholic  neuritis.  The 
ordinary  form  of  this  disease  is  readily  distinguished  by  the  symmtv 
trical  paralysis  which  is  its  chief  manifestation.  But  the  variety 
whii-h  closely  resembles  locomotor  ataxy  is  the  "alcoholic  pseudo- 
tabes" (p.  159),  in  which  the  diagnosis  maybe  very  difficult.  This 
is  Dot  surprising,  because  it  resembles  tabea  pathologically ;  the  lesion 
is  a  "  parenchymatous  neuritis."  a  subacute  degeneration,  beginning 
in  the  nerv^fibres,  and  similar  to  the  peripheral  form  of  tabes.      It 

*  U  U  impomibla  to  cxs^g«rAt«  the  difficulty  pre*«titi3il  by  mmv  |  »tii  auia  sMMtr- 
Ulnlng  wbrther  the  kneejurk  It  or  U  not  lo*(,  aiid  Uie  ttr«  needed.  Bepeeted 
vWnmttonB  uro  driirable  \n  doubt! ol  caaet. 
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often  affects,  however,  ia  some  degree,  the  motor  as  well  as  the  aen 
gory  iienres,  and  there  is  then  some  weaknefls  in  the  distal  portions  ot 
the  hmb.s.  An  altered  electrical  reaction  may  be  found  in  the  muscles 
(never  in  the  weakness  sometimes  met  with  in  early  tabes),  and  there 
is  genenilly  imirked  muscular  t4»nJerne8a,  scarcely  ever  present  in 
tabes.  The  pains  have  not  the  "lightning**  character,  and  the 
sphincters  escape.  The  pnpila  act  normally,  but  this  is  not  an  abso- 
lute distinction,  since  they  may  be  unaffected  in  tabes.  A  history  of 
alcoholism  may  help  the  diag^nosis,  and  so  may  Lmprovement  when 
alcohol  is  withdi-awn.  By  attention  to  all  these  points,  a  diagnosis 
can  generally  be  made  without  much  dithculty. 

When  the  symptoms  and  lesion  of  tabes  are  combined  with  those 
of  general  paralysi?*  of  the  iueane,  it  may  be  doubtful  in  which  cate- 
gory a  case  should  be  plae<Hi.  The  question  is  rather  one  of  the  pre- 
pondeinnce  of  the  symptoms  of  one  or  the  other  makdy  than  nf 
absolute  distinction  between  thfni.  In  most  cases,  however,  in  which 
this  combination  exists,  the  symptoms  of  general  paralysis  become 
more  pronounced  as  time  goes  on,  and  the  spinal  symptoms,  which  at 
first  were  the  most  couMpicuoug,  pass  into  the  backitrrouud. 

All  commi>u  forms  of  paraplegia  are  distinguished  by  the  early 
loss  of  ]ir>wer,  and  by  the  persistence  of  the  knee-jerk,  often 
emphasised  by  its  excess  and  by  the  occurrence  of  a  clonua  in  the 
extemlod  rectus  or  calf  muselea.  If  weakness  supervenes  in  tabes,  it 
is  usuiiUy  late  in  the  course  of  the  diseuse,  and  the  other  symptoms 
have  been  and  are  well  marked.  If  the  knee-jerk  has  been  once 
lost  in  this  disease,  it  is  not  reproduced  by  secondary  lesions  of 
the  cord  which  ordinarily  incre-ase  the  knee-jerk.*  The  same  distino- 
tiuiis  usually  suffice  for  the  diagnosis  from  the  combined  form  of 
paralysis  and  inco-ordinaiion  that  I  have  termed  "  ataxic  paraplegia/' 
In  this  the  knee-jerk  is  ex^easive,  and  there  is  foot-clonus,  while  pains 
and  aneesthesia  are  absent;  spasm  supersedes  ataxy.  In  other  forms 
of  combined  disease  of  the  cord  the  diagnosis  depends  chietly  on  the 
recognition  of  union. 

Acute  lesions  of  the  cord,  probably  situated  in  the  postero-extemal 
column,  may  produce  inco-ordinat ion  and  pain,  but  the  suddenness  of 
the  onset,  the  limitation  of  the  Bytnptoms,  and  their  tendency  to  sub* 
side,  usxially  suffice  for  the  distinction.  Symptoms  from  this  cause 
are  far  more  common  in  the  arms  than  in  the  legs.  Ataxy  in  one 
limb  may  also  be  produced  by  a  tumour  growing  in  the  posterior 
column,  but  other  symptoma  indicate  the  invasion  of  adjacent  struc- 
tures, as  was  conspicuous  in  the  case  figured  in  the  chapter  on 
tumours  of  the  cord.  All  these  cases  present  the  characteristics  of 
a  focal  lesion  with  random  consequences,  rather  than  of  a  system 
disease  with  limitation  to  a  special  function. 

The  loss  of  perception  of  pain,  with  preserved  tactile  sensibility. 

*  Swji  however,  an  exception  to  tliM«  referred  to  on  p^  455.  The  paper  r«fenvd 
to  mintioiu  oilmrs. 
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when  it  iovolvee  the  hands,  may  arouse  a  suspicioa  of  ayrinijomyelia. 
But  the  loss  of  the  kDe^-jt-rk  m  tabes,  and  the  absence  of  the  momen- 
tary pains  in  ayringomyelift,  will  enable  a  correct  diagnosis  to  be  made 
even  without  corroboi-ative  symptoms. 

In  diphtheritic  paralysis  occurring'  long  after  the  sore  throat,  or  in 
which  the  nature  of  this  was  not  recognised,  the  loss  of  the  knee-jerk 
may  cause  tabes  to  be  suspected  ;  but  the  nature  of  the  case  ia  almost 
always  ren^teri-d  clear  by  the  paralysis  of  accommodation  and  of  the 
palate  which  prect'des  the  ataxy,  and  should  be  auggest-ed  by  the 
r  beence  of  pains  and  the  presence  of  we^akneas.  If  true  tabes  follows 
diphtheria,  with  lasting  ataxy,  it  is  so  rare  as  to  be  of  little  practical 
importance. 

When  the  dorsal  region  of  the  cord  is  chiefly  affected,  the  severity 
of  the  pains  in  thf^  trunk  may  It-ad  to  a  suspicion  of  disease  of  the 
vertebral  bones.  i>ut  in  the  latter  tht*  pain  i a  local  and  fixed,  and  this, 
with  the  characteriatic  increase  of  pain  when  the  patient  moves,  should 
prevent  error.  It  ia  still  more  frequent  to  mistake  such  cases  for 
neuralgia  of  the  intercostal  nerves,  but  even  if  tlnTC  are  no  pains  in 
the  legs  to  suggest  tabes,  the  knee-jerk  and  tht^  li;;lit -reflex  of  the  iria 
are  lost  in  tabes.  Experience  jjhowa  that  tlxe  moat  frequent  orirora  in 
diagnosis  are  due  to  a  mistake  as  to  the  nature  of  the  pams,  which 
are  mistaken  for  rheumatiam,  especially  when  influenced  by  weather, 
or  for  sciatica  when  referred  to  the  region  of  the  sciatic  nerve,  or  for 
some  form  of  gout  if  the  disease  exists  in  the  patient  or  his  family,  or 
in  the  mind  of  the  physician.*  In  the  rare  cases  in  which  the  cranial 
nerves  are  disordered  and  pains  are  folt  in  the  head,  the  symptoma 
may  be  mistaken  for  trigeminal  neuralgia.  The  obscurity  of  the 
symptoms  may  be  increased  in  such  eases  by  a  sense  of  pxinful  con- 
striction in  the  face,  analogous  to  the  girdle-pain  felt  around  the 
trunk  (see  p.  453), 

The  only  organic  iutra-cranial  disease  that  may  be  taken  for  tabes 
is  tumour  of  the  cerebelltmi.  In  some  cases  of  tabes  the  unsteadiness 
resembles  that  of  cerebellar  origin.  Loss  of  the  knee-jerk  is  strongly 
in  favour  of  tabes ;  in  cerebellar  tumour  increase  of  the  jerk  is  the 
rule,  and  loss  ia  only  to  be  regarded  as  not  ohKohdely  incompatible, 
Axuestheaia  and  lii^htning  pains  are  conclusive  evidence  of  the  spinal 
disorder,  while  in  cerebellar  tumour  severe  occipital  headache  is  almost 
invariable,  and  considerable  optic  neuritis  ia  extremely  coioinon.  Optic 
nerve  atrophy  is  priraary  in  tabes,  post-neuritic  in  tumour. 

The  various  visceral  crises  are  often  mistaken  for  primary  disorders 
of  the  deranijjed  organs*  E/Ccurriug  attacks  of  the  character  described 
should  always  arouse  suspicion  of  their  possibly  tabetic  nature,  and  an 
examination  of  the  knee-jerk  will  usually  decide  the  point. 

*  In  one  euft,  ia  which  labeiio  trunk-piiiti  wju  cliiefly  felt  Rt  tli(:»  level  of  ilie 
epigfutriiim,  a  pbjr^ielan  of  ff  pute  Tiob  only  mmie  ii  dimifiioKis  of  ^Hiifcrlc  gont,  but 
TehiMed  to  rn>i(tify  h\*  otunioii  when  Iom  of  the  knee-jerk  waa  discovered,  uid  the 
pAtient  became  un«ietidy  in  ^aiU 
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PnooKOSiB. — The  prognoBis  in  tabes  coiresponds  with  the  fa< 
•tated  aa  to  the  course  of  the  disease.  It  does  not,  as  was  ou( 
thought,  deserve  the  epithet  **  progrewdiTe,"  gireu.  to  it  before  the  pi 
ataxic  stage  was  known  and  befure  the  disease  had  been  widely 
observed.  Arrest  is  frequent,  and  considerable  improvement  is  n< 
rare.  The  earlier  the  stage  of  the  disease  the  better  is  the  prognos 
In  the  first  stage  the  disease  often  becomes  stationary.  AVheu  atai 
is  developed  the  prospect  of  arrest  is  less  than  m  the  first  stage,  but 
still  considerable.  Occasionally,  even  in  the  typical  form  of  the  disea* 
the  amount  of  improvement  is  very  great.  One  f»atient  was  searcelj 
able  to  walk  across  the  room^  in  consequence  of  the  inco-ordinatioi 
when  he  came  under  treatment,  and  at  the  end  of  six  mouths  his 
was  scarcely  distinguishable  from  that  of  a  healthy  pei-son,  Wh< 
the  third  stage  is  reached  the  possiiiility  of  improvement  is  far  L 
but  18  not  quite  absent.  A  woman  suffering  from  poire  tabes.  wh€ 
admitted  to  hospital,  had  been  unable  even  to  stand  for  six  months, 
acoouut  of  the  extreme  ataxy  j  but  she  improved  so  much  that  in  a  f < 
months  she  was  able  to  walk  about  the  room  without  hv\[t,  and  has  con- 
tinued, now  for  six  years,  to  do  her  household  work  without  difficulty^ 
and  even  to  walk  some  miles  vdth  the  aid  of  a  stick.  On  the  other  ImjidyjH 
in  some  cases  the  malady  increases  in  spite  of  every  effort,  and  even 
when  there  is  permanent  arrest  or  iraprovement  it  is  rare  for  all 
symptoms  to  disappear.  The  knee-jerk  generally  remains  absent,  and 
often  attacks  of  pain  continue  to  occur.  It  is  difficult  to  find  any 
trustworthy  indications  to  guide  the  prognosis  in  an  individual  case. 
The  fact  of  prece<ling  syphilis  has  little  influence  on  the  prognosis. 
Only  when  the  symptoms  have  developed  rapidly  aod  the  syphilis  is 
recent  is  there  any  possibility  of  benefit  from  aiitisyphihtic  treatment. 
In  all  cases,  however,  in  which  the  onset  of  symptoms  is  acute  there  is 
more  prospect  that  they  will  pass  away  than  if  they  develop  slowly. 
In  most  cases  the  only  trustworthy  guide  to  prognosis  is  the  observed 
tendency  of  the  individual  case.  ^^ 

Of  special  symptoms,  the  pains  are  often  the  most  distressing,  an4^| 
unfortunately  they  are  the  moat  obstinate  symptom  of  the  disease^^ 
They  may  persist  in  undiminished  severity  wli«ju  other  symptoma 
lessen ;  and,  on  the  other  hand,  they  may  become  trifling  when  t  he 
disease  increases.  Diminution  of  the  pain  is  a  good  sign  if  other 
symptoms  are  stationary,  but  not  if  these  increase.  It  is  often,  how- 
ever, a  solace  to  the  patient  to  know  that  persistence  of  the  pains  d* 
not  mean  progress  in  the  disease.  The  optic  nerve  atrophy  is  usual 
progressive,  but  not  invariably^  as  is  often  asserted.  Occasionally 
progress  is  arrested,  and  more  frequently  when  it  is  great^jr  in  oi 
eye  than  when  both  are  involved.  Strange  to  say,  the  occurrence 
optic  nerve  atrophy  makes  the  prognosis  as  to  the  spinal  syinptomi 
better ;  in  most  cas<)6  the  spinal  lesion  remains  in  the  first  sta^e. 

Treatment, — The  disease  is  on©  in  which  treatment  often  has  a 
very  clear  influence,  not  only  in  relieving  sidlering,  but  in  determining 
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the  arreat  or  diinmution  of  the  disease.  This  is  true  especially  of 
treatmeat  bj  druj^s.  But  the  first  care  slioold  be  to  secure  freedom^ 
as  far  as  possilile,  from  all  iufluences  rapableof  increasing  tbe  disease, 
and  from  whatever  ia  likely  to  depress  the  nervous  syBtem,  Excessive 
mentn,!  work,  anxietj,  and  physical  fati^nie  are  all  haruiful.  In 
fleveiL*  and  acute  cases,  absolutjp  rest  for  a  week  or  two  is  often  useful 
at  the  onset  of  treatment.  If  the  patient  walk»  about,  exercise  should 
always  stop  short  of  fatig-ue.  Care  should  be  tak*.*n  to  avoid  the  rbk 
of  &11b;  a  severe  concussion  of  the  spine  will  sometimes  excite  to 
fresh  activity  a  stationary  disease.  Exposure  to  cold  is  also  iujnrimis; 
a  severe  exposure  may  caujae  acute  misishief.  If  practicable  it  is  well 
that  the  winter  should  be  spent  in  a  warm  and  dry  climate.  A  sea 
voyage  is  sometimes  useful,  combining',  aa  it  does,  a  maiimura  of 
fresh  air  with  a  minimum  of  exertion ;  it  has,  however,  less  actual 
effect  than  juight  be  expected.  If  there  ia  much  ataxy,  the  risk  of 
falls  frum  the  motion  of  the  ship  must  be  taken  into  consideration. 
It  ia  the  most  useful  in  cases  that  are  already  sta^tionary ;  such 
patients  often  return  with  a  diminution  in  aU  their  symptoms.  When 
the  diseas.e  is  advancing,  a  voyage  often  does  harm  rather  than  good. 

The  digestive  or^^na  should  be  kept  in  careful  order;  an  attiick 
of  indigestion  or  constipation  is  often  attended  hy  li^'htning^  jiiiina, 
which  cease  when  an  aperient  has  acted.  Food  should  therefore 
be  light  in  quality,  and  easily  digestible.  The  change  from  an  active 
to  an  inactive  life,  which  tabes  often  causes,  may  lead  to  the  develop- 
ment of  t^out  in  an  individual  predisposed  to  it.  either  by  inheritance 
or  by  his  previous  mode  of  life ;  and  the  tendency  must,  as  far  as 
possible,  be  obviated  by  regulation  of  diet  and  by  frequent  aperients, 
SiMuking  should  be  either  avoided  or  limited  to  a  smaU  amount. 
Alcoholic  excess  is  especially  harmful;  it  sometimes  excites  a  very 
severe  exacerbation  of  'the  symptoms;  this  is  not  surprising,  since, 
as  we  have  seen,  chronic  alcoholism  may  cause  a  disease  resembling 
tabes  in  its  symptoms  and  pathology.  Sexual  excess  is  also  most 
injurious.  Many  patients  are  preserved  from  this  danger  by  the 
disease  itself,  but  it  is  not  always  so.  Excess  seems  to  have  a  special 
influence  on  the  optic  nerve  atrophy.  Several  very  painful  instanoei 
of  this  have  come  under  my  notice.  A  man  in  the  early  stage  of  tiibeg, 
with  slight  atrophy,  some  peripheral  limitation  of  the  fields,  but  little 
iinpiiiiiMent  of  acuity  of  vision,  started  on  a  voyage  from  Austmlia  to 
Enghmd.  The  day  before  he  started  he  married,  and  when  he  reached 
this  country  he  was  quite  bUnd. 

The  influence  of  drugs  on  the  disease  is  imquestionable  in  many 
cases,  and  if  they  are  used  wisely,  the  more  a  physician  sees  of  the 
diseojse,  the  more  highly  is  he  likely  to  esteem  them.  There  is  no 
specific  for  the  malady,  and  in  some  cases  the  morbid  tendency  over- 
powers every  intluence  that  can  be  brought  to  bear  upon  it.  Moreover, 
the  influence  of  drugs  ia  variable ;  that  vrhich  aefrms  to  do  much  good 
im  one  case  baa  so  iufiuenoe  on  another^  and  this  is  true  also  of  the 
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Bame  rase  at  difFtM'ent  penods,    HoBce  tlie  therapeutic  statements 
have  Ih-eii  umde  Uv  various  observers  are  somewhat  disc^rdaBt. 

The  first  questioa  is  tht*  influence  of  antisyphilitic  agents*  In 
talj*»8  such  influence  is  diatinrt  only  in  rare  cases,  chiofly  under  the 
conditions  mentioned  in  the  section  on  prognosis.  In  those  circum- 
stances full  doses  of  iodide  of  potassium  should  be  given,  and  if  ihs 
interval  since  the  primary  disease  is  short,  mercury  may  be  rubbed  b 
until  the  gums  are  slightly  affected.  In  cases  of  slow  development, 
several  years  after  primary  syphilis,  such  treatment  seldom  does  good, 
and  sometimes  does  harm.  But  so  widely  spread  is  the  opinion  that 
every  ro!isefjueuc<3  of  syphilis  is  ameiiable  to  treatment,  that  it  is  often 
well  to  avoid  the  suspicion  of  neglect,  and  to  clear  the  thera|>ontic 
ground,  by  a  course  of  iodide  of  potassium  for  five  or  six  weeks. 
Very  small  doses  of  mercury,  such  as  ^  grain  of  the  red  iodide»  may 
also  be  given  for  a  longer  time,  and  may  often  be  conveniently  com- 
bined with  other  drug.s.  It  seems  sometimes  to  have  a  tonii*  infiu- 
ence  in  these  cases.  But  in  sueh  late  eases,  and  in  all  the  late  nerve 
degenerations  that  follow  syfthilis,  energetic  mercurial  treatment  only 
does  harm.  Its  depressing  influence  seems  to  increase  the  degenera- 
tive tendency,  and  to  ha^nten  the  progress  of  the  disease, — Bometimes 
even  to  induce  its  extension. 

Of  drugs  that  have  been  recommended  for  tabes,  those  that  are 
most  useful  are  arsenic,  iron,  quinine,  aiuminium,  nnx  vomica  and 
stryelmia.  nitrate  of  silver.  Calabar  bean,  belladonna,  ergot,  phos- 
phorus. Of  theae  arsenic  is  certainly  that  which  most  frequently  does 
distinct  good.  Most  of  the  cases  in  which  I  have  known  the  greatest 
improvement  to  occur,  have  been  taking  it  at  the  time.  In  several  of 
these  cases  there  was  no  other  change  in  the  conditions  of  life  to 
which  the  improvenient  could  be  ascribed.  The  form  in  which  arsenic 
is  given  matt^.rs  little  ;  tTliij  to  ni^  vij  of  the  Liq.  Arseniealis  may  be  given 
in  a  mixture,  or  ^\j  gr.  of  arseniate  of  soda  in  a  pill.  Iodide  of  arsenic 
has  no  si>ecial  advantage,  and  is  not  so  well  borne.  This  or  iny 
other  drug  must  be  eotitinued  for  at  least  six  weeks  before  an  opinion 
of  its  influence  can  be  formed.  Eapid  improvement  can  never  be 
expected  in  so  chronic  a  disease.  But  it  is  not  well  to  continue  any 
drug  for  more  than  about  three  months  at  a  time.  Most  good  is 
effected  by  alternating  two  or  moi-e  ;  the  return  to  one  that  had  ceased 
to  do  good  is  often  iM^nefieial.  In  connection  with  the  influence  of 
arsenic,  it  is  int<'resting  to  note  the  well-known  effect  of  the  drug  in 
improving  the  nutrition  of  the  skin,  and  the  frequency  with  which 
the  cutaneous  nerves  are  degenerated  in  tabes.  Quinine,  or  the 
extract  of  nux  vomica,  may  be  usefully  combined  with  arsenic ;  or  a 
small  dose  of  nienMiry  may  also  be  given,  Tuxv  of  Liq.  Hyd,  Bichlor. 
with  n\v  of  Liq  ArHenicalis,  or  -3^  gr.  of  the  red  iodide  with  ^\  gr.  of 
arseniate  of  soda  in  a  pilL  Occasionally  arsenic  scorns  to  irritate  the 
nerve-centres,  but  smaller  doses  may  then  be  borne,  and  may  be  usef  ul« 
Nitrate  of  silver  and  phosphorus  are  less  effective,  but  may    some* 
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Unlet  b»  giTen  jltematelj  with  arsenic.  The  chloride  of  alummiam 
10  another  agent  that  I  have  found  of  distinct  sernoe,  2 — 4  gr. 
twice  or  three  times  a  day.  It  certainly  diminiflhes  the  severity  of  the 
pains  and  the  tendency  to  tht^m. 

CaJabar  bean  has  been  recommended  as  producing  temporary  im- 
pnrvement  in  many  chronic  spinal  diseases.  Its  influence  in  tabes  is 
not  ^reAt,  Ergot  has  been  esteemed  highly  by  some,  but  is  seldom 
distinctly  effective.  Belladonna  is  sometimes  useful  esiMH-ia'ly  ^^hen 
there  is  a  tendency  to  incontinence  of  urine.  Strychnia  in  the  same 
cases  sometiiueK  pnxiuces  marked  iuiprovement,  espeirially  com  billed 
with  a  small  dose  (^i',*.  gr.)  of  nitro-glycerine,  which  causes  the  blood 
Cf^ntaining  the  tonic  to  pass  more  freely  to  the  nerve-centres. 

Counter-irritation  to  the  Bpine»  by  blisters  or  the  actual  cautery,  is 
often  useful,  chiefly  in  the  cases  just  mentioned,  in  which  the  dis- 
eMe  develops,  or  the  symp*om8  increase,  rapidly,  or  in  which  there 
is  spinal  pain  or  tenderoes^s.  It  is  not  probable  that  it  influences  the 
prooen  of  degeneration,  but  it  may  lessen  any  secondary  inflammation. 

Of  special  sjmptoms  that  require  treatment,  the  pains  are  the 
most  important.  Unfortunately  they  are  often  very  obstinate,  and 
their  variability  renders  it  difficult  to  estimate  the  influence  of  treat- 
ment upon  them.  Severe  paroxysms  may  yield  only  to  hyix>dermie 
injectiouB  of  morphia,  but  this  should  be  reserved  for  the  most  intense 
attacks,  since  it»  use  is  undesirable  for  a  recurring  symptom  which  may 
continue  for  years.  Indian  hemp  is  often  effective  -,  gr.  J  or  4  should 
be  given  every  three  or  four  hours  during  au  attack.  But  the  most 
u^ul  agents  for  relieving  a  paroxysm  are  antipvrine  and  acetanilide. 
One  or  the  other  of  these  seldom  fails ;  should  they  do  so,  eialgin  or 
'tin  or  mij^Tiiuin  may  succeed.  Hypt>dermic  injt*ctiuns  of  cocaine 
^^enerally  arrest,  for  several  hours,  pains  that  are  su j>erficial  in  character, 
especially  if  accompanied  by  hyperoesthesia  of  the  skin.  The  injec- 
tion should  be  of  i  to  I  of  a  grain,  at  the  up|»er  part  of  the  region 
to  which  the  pdn  is  referred.  Cocaine  has  no  influence  over  the 
dt*€p^r  pains.  Superficial  pain  is  also  relieved  by  the  local  applica- 
tion of  chloroform  sprinkled  on  B|-»ougiopiline  (or  hnt  and  oiled  silk). 
Occasionally  the  pains  are  lessened  by  a  warm  bath.  Counter-irritation 
to  the  spine,  as  by  repeated  sinapisms,  may  give  some  relief.  These 
mmsares,  however,  only  relieve  paroxysms,  and  do  not  prevent  recur* 
reuce.  Chloride  of  aluminium  is  of  considerable  service  in  lessening 
the  tendency  to  the  occurrence  of  the  pains.  Two  to  ftmr  grains  may 
be  given  three  times  a  day.  It  is  readily  soluble,  and  may  be  given 
in  coraliination  vrith  other  dniga. 

Paroiysmal  visceral  symptoms  often  yield  to  antipyrine  or  ac«ta- 
nilide,  but  when  severe,  morphia  alone  mitigates  their  intensity. 
Slight  gastric  crises  may  be  relieved  by  simultaneous  sinapisms  to  the 
epigastrium  and  neck.  Laryngeal  spasm  is  usually  at  once  relieved 
by  nitrite  of  amyl  or  nitro*glyccrine ;  the  local  aj^plication  of  cocaine  is 
slso  useful.      Weakness  of   the   bladder  is  sumetimes  lessened   by 
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stiychnia  or  iM^lladonna      Strjclmia  may  be  girea   by  hypodeiinifl 
injection,  as  rL'tiommended  in  tke  cliapter  ou  muscular  atropby.  I 

Blisters  or  sorys  on  the  feet  should  receive  careful  local  treatmenjj 
luitii  they  are  well.  If  neglected  fhey  may  become  very  trouble80it]i|| 
The  patients  sliould  be  cautioned  never  to  cut  a  •-orn ;  a  perforatiji| 
ulcer  is  ofti-n  set  up  by  a  com  being  cut  too  deeply.  The  epidermii 
shotdd  1>e  softened  with  an  alkali  and  rubbed  off  with  pumice-stone. 

Attention  to  the  bladder  is  one  of  the  most  important  element*  ii^ 
the  treatment  of  tabes,  as  in  that  of  all  diseaaes  of  the  spinal  oor^J 
chronic  and  acut€.  If  there  is  any  reason  to  believe  that  the  bladdery 
is  impei-fectly  emptied,  a  catheter  should  be  passed  ■  and  if  residual 
urine  ia  found,  the  bladder  should  be  emptied  perfectly  and  washed, 
out  efery  day  or  every  other  day.  No  hesitation  need  be  felt  in  th# 
use  of  the  catheter  in  those  rases*  provided  very  strict  antiseptic  pre-i 
aiutions  are  taken.  Many  patients  die  every  year  from  want  of  the, 
catheter,  bemuse  it  ia  thought  that  all  is  right  since  they  pass  urmej 
freely.  The  residual  accumulation,  or  the  slight  cystitis^  set*  up 
chronic  pyelo-uephritia,  which  develops  insidiously,  and  ia  unsuapected 
until  mysterious  febrile  disturbance  occura,  chronic  or  acute,  and  k«Mit| 
to  death.  It  is  prob.ible  that  the  onset  of  the  final  acute  disturbaTic^  J 
is  sometimes  detenniued  by  the  [nissage  of  a  catheter,  just  as  this  will^ 
cause  a  rigor  or  transient  hBematuria  in  a  healthy  person  I  have  seen, 
many  melancholy  instane*'*  of  death  from  the  consequences  of  un- 
auspected  retentitm,  while  the  early  and  frequent  use  of  the  catheter 
is  comparativf'ly  innocuous.  It  is  cgpecially  important  to  insist  oE 
the  danger  that  the  practitioner  may  bo  mialed  by  the  patient,  who 
thinks  that  because  he  passes  urine  freely  he  neoeaaarily  empties  Ms 
bladiler  jw^rfectly. 

Electricity  has  little  influence  on  the  chief  aymptoma  of  t^bes.  TbB, 
voltaic  current  ia  powerless  over  either  the  pains  or  the  at^xy,  wheiherj 
it  1«?  applied  to  the  spine  or  the  limbs.  Faradisation  of  the  skin  by' 
the  wire  bmah  has  been  recommended  for  the  defect  of  cutanwal] 
aensibiUty,  but  it  has  little  if  any  influence.  Temporary  improvement^ 
in  gait,  and  sometimea  a  little  permanent  improvement^  may  bej 
obtaiued  by  faradisatiou  of  the  nuiaeles ;  the  stimulation  of  tbn 
afferent  muscle-nerves  is  probably  the  mechanism  of  its  action,  but  l3 
have  not  met  with  permanent  good  from  its  influence.  Wlien  thft. 
liladder  or  its  sphincter  is  weak,  faradisation  from  the  hypogastrium 
to  the  perinaeum  may  be  employed,  and  occasionally  seems  to  do  sonidj 
good*  In  Ejecou-lary  wasting  of  the  muscles  an  attempt  may  be  mad« 
to  maintain  their  nutrition  by  stimulatin)^  them  with  whatever  current! 
they  respond  to,  but  the  central  nature  of  the  cause  usuallv  rend 
local  treatment  ineffective.  Massage  also  has  been  recommended, 
possibly  may  be  beneficial  in  aome  cases.  It  is  most  useful  if 
bine<i  with  the  systematic  uae  of  the  exercises  in  oo-ordination  de 
by  Preukel.* 

•  *  Deutacb.  ni«d.  WochetiBohr./  IBM, 


A^ ^. 


PBIMABT    SPASTIC    PAliAPLRGIA. 


489 


KfTfiMitr^tcbing  was  fashionable  a  few  yeara  ago»  the  operation 
usuaUj  performed  on  the  sciatic  nerre.  In  the  first  case  in 
ich  it  was  employed  (by  Langeubuoh)  the  proceriiire  was  followed 
by  remarkable  and  myaterious  improvement,  not  only  in  the  pains, 
bat  also  in  the  inoo-ordination.  The  patient  subsequently  died  under 
chloroform,  administered  in  order  that  the  nenrea  of  the  arras  might 
be  stretched.  The  spinal  cord  was  found  by  Westphal  to  be  healthy. 
Although  the  nerves  were  not  examined,  there  can  be  little  doubt  that 
it  was  one  of  the  cases  in  which  the  nerves  alone  are  diseased.  The 
operation  has  since  been  performed  in  a  large  number  of  cases»  but 
without  results  that  have  secuj^  it-s  survival,  and  it  is  passing  int^ 
merited  disuse.  Its  place  was  taken  by  extension  of  the  spinal  column. 
In  this  procedure  the  patiexit  is  suspended  in  such  a  manner  as  to 
allow  the  weight  of  the  body  to  rest  on  the  head  and  shoulders,  and 
bead  alone,  alteriLately,  and  the  ligaments  of  the  epinal  column  are 
suppoised  to  be  so  stretched  that  the  spinal  cord  and  its  nerve-rtxits 
are  elongated.  The  chief  effect  is  produced  on  the  ligaments  of  the 
Tipper  part  of  the  spine,  but  the  actual  amount  of  elongation  of  the 
spine  is  exceedingly  slight  and  insignificant,  as  has  been  proved  by 
experiments  on  the  dead  body.  It  is  difficult  to  conceive  any  mecha- 
nism by  which  it  can  do  the  good  in  tabes  which  was  at  first  ascribed 
to  it  \  and  the  careful  observations  by  Russell  and  Taylor  on  a  large 
nomber  of  cases  at  the  Queen  S(|uare  Hospital  •  seem  to  show  concln- 
sively  that  it  has  no  real  power  of  permanently  influencing  the  disease. 
It  is  important  that  the  patient  should  avoid  falls  as  far  as  possible^ 
^^id  likewise  exposure  to  cold  and  wet.  Both  of  these  infiueuces  occa* 
^^■onally  excite  an  acute  exacerbation  of  the  pre-existing  maladj. 

^^H  PRIMARY   SPASTIC   PARAPLEGIA 

^  (p&nCJLST   LaTBBAI«   SCLEROSIS). 

r  The  morbid  state  thus  designated  is  one  that  has  been,  and  still  is, 

the  subject  of    much  discussion.      Its  relations  are  complex,  and  a 
somewhat  lengthy  pathological  introduction  is  necessary. 

GxKsaAL  Patholoot. — We  have  seen  that  in  eTery  kind  of  trans- 
Yerie  lesion  of  the  spinal  cor«l,  provided  this  is  situated  above  tht 
lumbar  eolargement,  the  paralysis  of  the  legs  is  soon  accompanied  bv 
excess  of  myotatic  irritability  (increased  knee-jerk,  foot-clonus),  and 
that  the  muscle-reflex  action  on  which  this  irritability  and  musoutar 
tone  seem  to  depend,  gradually  increases  to  tonic  siiasm.  so  that  a 
oondition  develops  to  which  the  term  "  spastic  paraplegia  '*  is  applied. 
A  condition  quite  similar  to  that  which  is  thus  st^rondary  to  a  trans- 
verse lesion  often  develops  gradually »  without  any  indication  of  a 
•  {ttMMlJ  icid  T«jlor,  '  Bmin**  Sumuitr  Number^  i890,  vol.  kiii.  p.  206. 
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primary  focal  dispase,  and  withotit  any  Bensory  symptoms  to  indicate 
that  the  mischief  extends  beyond  the  purely  motor  ek-ments  of  the 
cord.  We  have  also  aeen  that  these  8}nnptQms  indicate  disease  of  the 
upper  segment  of  the  motor  pnth,  the  cortioo- spinal  segment  (p.  213), 
which  extends  from  the  motor  cortex  through  the  pyi-amidal  tracts. 
and  ends  in  the  grey  matter  of  the  cord,  doubtless  bv  a  subdiviflion  and 
ramification  of  the  Derve-fibres  in  the  fibrillary  network  of  the  sjKingy 
substance.  From  tin*  griuiual  onset  and  limitation  of  the  symptoma 
in  these  cases  it  has  been  assumed  that  the  disease  consists  of  a 
primary  sclerosis  of  the  pyramidal  tracts,  i.  e.  in  a  degeneration  of  the 
fibres  of  this  upper  segraenL  Sint-e  these  tracts  run  chiefly  in  the 
kteral  columns  the  disease  has  been  termed  "lateral  sclerosis,'* 
The  clinical  features  presentt^d  by  these  cases,  and  tlieir  i>robable 
significance,  were  first  pointed  out  by  Erb.*  Degeuenition  of  the 
pyramidal  tracts  had  been  already  obserred  by  Turck  (1856)  and 
Charcot  (1865),  Erb's  infer^ince  as  to  the  nature  of  these  cases 
was  supported  by  the  independent  (and  indeed  previous)  researches 
of  Charcot  on  cases  of  uiuseular  atrophy;  he  showed  that  in  such 
cases  muscular  rigidity  coincides  with  degeneration  of  the  jtyramidal 
tracts.  Pathologists  have  since  been  searching  for  coufirmation  of  the 
hypijtliesis — for  evidence  that  the  symptomsj  in  their  pure  foraii 
without  muscular  atrophy,  depend  on  dcguiieration  limited  to  the 
pyrami<ial  tmcts.  Such  degeneration  in  alight  degree,  associated 
with  slight  symptoms,  has  been  found  in  cases  of  general  paralysis  of 
the  insane  (by  Westphal  and  others) ;  but  In  all  otlier  cases  that  haTO 
been  exauiined  either  other  parts  of  the  white  substanee  have  been 
degenerated,  or  the  disease  has  involvctl  also  the  anterior  comua.t 
In  some  cases,  as  one  published  by  Dreschfeld  (of  which  a  figure  is 
given  at  paj^e  497),  the  change  in  the  anterior  cornua  has  been  so 
slight  that  the  required  conditions  are  nearly  fiilflUed.J 

Although  absolute  demonstration  has  not  yet  been  furnished,  the 
indirect  evidence  of  the  correctnu?(8  nf  the  pathological  by p:ith^ifl  is 
very  strong,  and  the  only  open  question  is  whether,  when  there  is  no 
disease  of  the  motor  nerve- cells  of  the  anterior  cornu,  the  degenera- 
tion is  80  limited  to  the  pynirniiial  tracts  as  to  constitute  a  system 
disease  in  the  strict  sense  of  the  word.  It  is  not  surprising  that 
demonstration  of  the  nature  of  the  puro  cases  is  not  forthcoming, 
since,  as  we  shall  see,  the  disease  has  little  tendency  to  shorten  life. 
It  is  only  rwently  that  it  has  been  shown  that  the  wasting  in  the 
anterior  horn  cells  which  underlies  progressive  muscular  atrophy  is 

•  In    187S,  'Berlin,   klim   Wocheo*chr«'  No.  26;    1877,  *  VirchowV  Archiv/ 

t  1«  a  CHse  r^jcorikul  by  Stofella  no  other  part  than  the  pyrnraidnl  traieU  oonld 
111!  seen  diieiwcd  oa  nBked<^eYe  obaervatiuD,  but  no  tnicroicuptcml  exaininaHon  wit 
umde. 

I  Th«  ume  it  trae  of  i^reral  eiiM«  pablithed  recently.  One  of  StrQtnpeliS 
(*  lleut.  Zijiclir*  f.  Nervenlieilk.,*  1894,  v)  very  nearlj  fuHiled  the  requiuiie  condU 
t'toa»* 
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&ot  necessarily  invariably  associated  with  lateral  sclerosis,  and  there 
teems  no  reason  why  a  similar  degeneration  should  not  eiclusivelj  affect 
the  upf^er  so^nnents  of  the  motor  path  just  as  it,  rarely  no  doubt,  affects 
onlj  the  lower  segment.  In  the  majority  of  instances,  of  course,  both 
upper  and  lower  segments  are  affected  in  the  condition  known  as 
amyotrophic  lateral  sclerosis  (g.  v,). 

It  should,  moreover,  be  noted  that  cases  which  present  this  group 
of  symptoms  may  be  very  various  in  nature.  We  have  seen  (p.  254) 
that,  in  each  segment  of  the  motor  path,  the  same  symptoms  are 
produced  by  disease  of  any  part  of  the  Si>gment.  In  the  upper 
segment,  with  which  we  are  now  concerned,  the  sympt-oms  aiie  the 
tame,  wh  thei  the  disease  is  in  the  cortex  of  the  brain,  the  internal 
capsule,  the  pyramids  of  the  medulla,  or  the  pyramidal  tracts  of  the 
oord ;  and  they  must  also  Ih'  the  same  if  the  disease  is  limited  to  the 
termination  of  the  segment  in  the  grey  matter  of  the  cord.  In 
oerebnil  hemiplegia  the  state  of  the  arm  closely  resembles  that  present 
when  primary  spastic  paraplegia  involves  this  limb.  The  leg  in  hemi- 
plegia presents  a  less  close  resemblance  to  its  condition  in  spinal 
disease,  because  the  leg  is  innervated  from  both  cerebral  hemispheres, 
and  the  supplementary  influence  of  the  hemifiphere  of  the  same  side 
le*4ien8  the  effect  of  the  disease  of  the  henjispbere  of  the  opposite  side. 
But  if  there  is  disease  of  the  leg-centres  in  both  hemispheres,  the 
■tate  of  the  legs  may  be  identical  with  that  resulting  frc.ni  disease  of 
the  spinal  cord.  Such  bilateral  disease  often  results  from  injury 
during  birth,— meningeal  hesmarrhage  over  the  upp<T  f»art  of  the 
central  convolutions.  This  resulting  condition  is  termed  "  congenital 
■pa Stic  paraplegia/*     (See  Vol.  U.) 

On  the  other  hand,  it  is  extremely  probable  that  degeneration  begins 
in  the  termination  of  the  fibres  in  the  grey  matter,  just  as  it  does  in 
the  extremities  of  the  peripheral  nerves,  in  each  case  that  part  of  the 
neuron  furthest  from  its  nntritive  centre.  It  may  even  be  limited  to 
thesse  terminal  parte,  as  the  extremity  of  the  lower  segment  is  paralysed 
alone  by  many  agents,  typically  cnrara.  In  such  disease  the  white 
columns  would  be  found  normal,  as  in  one  recorded  case  in  which  the 
symptoms  of  spastic  paraplegia  existed  during  life,  and  no  anatomical 
I  change  was  discovered  after  death.  The  det^vtion  of  the  disease  of  the 
terminal  portion  in  the  grey  matter  is  extremely  difficult,  perhaps  im* 
p(»s8ible,  because  the  structure  must  consiBt  of  nerve-fibrillaa  that 
interlace  with  othori*  that  are  unaffected.  This  view  is  supfiorted  by 
the  fact  that  in  other  cases  some  degeneration  has  been  found  in  tlie 
lateral  pyramidal  tracts  in  the  lumbar  region  slighter  than  the  in- 
tensity of  the  symptoms  suggested,  and  gradually  lessening,  tc  cease 
higher  up  the  oord.  Such  a  condition  is  comparable  to  the  degenera- 
tion of  the  lower  portion  of  the  second  segment  of  the  motor  tract  in 
•ome  cases  of  peripheral  (degeneiutive)  neuritis,  in  which  there  is  a 
[deg(*neration  of  motor  nerve-fibres,  greatest  in  their  extremities,  ex- 
tending for  a  variable  distance  up  the  nerves,  but  lessening  long  before 
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the  spine  ia  reached.  It  U  higLlj  probable  that  the  tone  age&ti  whidi 
cause  Lithvrism  and  pellagra  (q,  v.)  act  on  the  extn*inities  of  thr 
pvmmidal  fibres  as  curara  does  on  the  nerves;  among  the  8pitiftl 
syinptorna  of  lathyrism  are  paralysis  of  ihe  leg«  with  rigiflitj  aud 
contracturea,  and  increase  of  mjrotatlc  irritability— foot-clonuB,  Ac* 

Both  cUiitcal  and  pathological  evidence  shows  that  the  morbid  state 
often  occurs  also  as  part  of  a  more  extensive  degeneration.  Degene- 
ration may  occur  in  \xA\i  lateral  and  posterior  columns,  giving  rii>e  to 
eumbiued  paralysis  and  ataxy — "  ataxic  paraplegia,"  sufficiently  definite 
in  its  eUnical  characters  aud  course  to  make  its  distinction  oouTenieut; 
it  is  therefore  separately  described.  The  following  account  of  the 
clinical  features  of  sjiastio  paraplegia  is  founded  on  cases  in  which  the 
motor  paralysis  and  spasm  exislfd  alone,  with  no  definite  sensory  loss, 
ill  which  they  came  on  gradually,  with  nothing  in  the  state  of  the 
patient  or  the  history  of  his  symptoms  to  suggest  either  a  focal  lesioo 
or  an  acute  process. 

CAuesa.^ — Aji  inherited  neuropathic  tiinlency  is  to  be  traced  oodl* 
sionally  in  this  as  in  other  chrouic  spinal  diseases.  Thus  in  one  case 
there  was  a  history  of  insanity  in  uncle,  aunt,  and  two  cousins.  The 
Lse  aflfeets  both  sexes  in  almost  equal  frequency,  presenting  in  this 

contrast  \o  ptisterior  sclerosis.  1he  p«Tiod  of  life  at  which  it  mod 
fr^-qiiently  begins  is  between  twenty  and  forty  ;  about  three  quarters 
of  the  cases  begin  in  these  two  decades,  aud  about  an  equal  number 
in  each.  Cases  frequently  commence,  however,  in  the  second  decade 
of  life,  chiefly  in  its  latter  portion.  After  forty  they  become  much 
less  comujuH ;  the  latest  age  at  which  I  have  known  a  typical  case  to 
commence  is  sixty -one. 

The  diiicase  sometimes  foUows  syphilis  in.  a  way  to  suggest  a  caitflal 
relation,  even  when  all  cases  are  excluded  in  which  there  is  any  t«ason 
to  suspect  a  focal  lesiou.  In  one  case  the  symptoms  commenced  six 
mouths  after  the  priuuiry  disease.f  But  this  antecedent  is  not  fns 
quent,  and  in  this  respect  also  the  disease  contrasts  with  posterior 
sclerosis.  Pruxiniate  causes  are  to  be  traced  only  in  a  minoritj  of  the 
cases.  The  most  frequent  is  concussion  of  the  spine,  such  as  a  fall 
on  the  back.  Some  time,  often  two  or  three  years,  elapses  between 
the  fall  aud  the  first  pronounced  symptums  of  the  disease,  and  honoe 
focal  lesions  due  to  the  fall  can  be  excluded.  Next  in  frequency 
is  refxN^ted  exposure  to  wet  cold.  Very  rarely  the  symptoms  hMLTe 
slowly  followed  some  acute  illness.  In  several  cases  the  disuase  haa 
succeeded  prostration  after  childbirth  or  abortion,  or  has  commesioed 
during  lactation.  In  one  case  an  attack  of  arthritis  in  the  knee  and 
ankle  of  one  leg  was  the  rmmedjate  antecedent,  and  this  leg  was  the 
first  to  become  weak.  In  another  case  the  spnptoms  followed  sub- 
•icute  arthritis  of  both  knee-joints,  apparently  rheumatic  in  nature. 

•  8so  Miihe,  *  Pro,;,  Meil.,'  1883,  No,  43. 

f  Tbe  cord  l«aiun  wmi  found  io  be  •clerDsia,  but  Ihe  direct  c«rebtillar  irASI 
n««  &Uo  deirener»t«d  (Minkowiki). 
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The  possibiliiv  tliat  m  joint  iuflammAiioB  may  he  of  spinal  origin  must 
be  borne  in  mind  in  coasideriii^  the  sigQificaace  of  such  cases*  but  it  is 
on  the  whole  probable  that  a  primary  joint  affoction  is  uu  occasional 
cause  of  the  spinal  disease. •  (Acute  arthritis,  certainly  of  spinal 
origin,  has  only  beeo  observed  in  seyere  myelitis.)  The  cause  of  the 
oongenttal  form  is  always  injury  to  the  brain  during  birth,  in  most 
cWKm  meningeal  haemorrhage,  causing  compression  of  the  motor 
cortex. 

Stmptoxs. — Weakness  of  the  legs,  of  very  gradual  development, 
ia  the  first  symptom.  The  patient  finds  that  he  gets  tired  more 
readily  than  before,  and  that  the  legs  feel  heavy ;  sometimes  one  leg 
becomes  weak  before  the  other.  The  progress  of  the  weakness  is  very 
variable,  but  it  is  slow  in  all  characteristic  cases.  In  many  instances 
the  patient  is  still  altlc  to  walk  a  mile  or  two,  even  after  the  disease 
has  lasted  for  several  years,  slowly  increasing.  On  the  other  hand, 
walking  power  may  be  almost  lost  at  the  end  of  six  months.  It  is 
doubtful  whether  more  acute  cuscs  belonsj  to  this  catj^gorv.  The  early 
weakness  is  often  accompanied  by  alight  unsteadiness,  chi**fly  subjec- 
tive. When  the  patient  seeks  advice,  it  will  generally  be  found  that 
there  is  very  distinct  loss  of  power  in  the  flexors,  often  greatest  in  the 
flexors  of  the  hip,  but  consider.ible  also  in  those  of  the  knee  and  ankle, 
and  occasionally  much  ^tjattT  in  the  last  than  elsewhere.  The 
knee-jerk  is  excessive  and  quick ;  the  rectus  contraction  can  be 
obtained,  as  the  patient  lies,  by  tapping  the  depressed  patella,  and  a 
rectus-clonus  is  often  obtainable  by  sudden  depression  of  the  patella. 
The  foot-clonus  ia  usually  also  obtained  with  readiness.  In  rare 
cases,  in  which  the  upper  part  of  the  h'r^s  suffers  most,  there  may  lie 
a  rectus-clonus,  but  only  slight  indicAtious  of  a  foot-clonus,  two  or 
three  movements  quickly  ceasing.  Tlie  tendency  to  spasm  is  at  first 
noticeable  as  slight  stiffness  of  the  legs  on  first  rising  in  the  morning, 
but  it  gradually  increases  in  decree  as  power  lessens,  until  at  last  the 
legs,  whenever  extended,  pass  into  a  condition  of  strong  extensor 
spoism,  rigidly  fixing  them  to  the  pelvis,  so  that,  as  the  patient  lies,  if 
one  leg  ia  lifted  from  the  couch  by  the  observer,  the  other  leg  is 
moved  also.  The  spasm  may  be  such  that  the  knee  cannot  be  pas- 
sively floxi>d  by  any  force  that  «in  be  apjWied  to  it  until  the  spasm  has 
become  less.  When  flexed  the  limb  is  comparatively  supple  j  but 
if  it  is  then  extended,  the  spasm  instantlj  returns,  making  the  limb 
rigid,  and  often  completing  the  ext^ension,  just  as  the  blade  of  a  knife 
opens  out  under  the  influence  of  its  spring,  "clasp-knife  riLrility.** 
The  spasm  is,  rouirhly  speaking,  pn>portioned  to  tlie  loss  of  power,  and 
its  extensor  charat-ter  may  enable  the  jiatient  to  stand,  the  legs  Ijeing 
fixed  and  rigid,  when  muscular  power  in  quite  insufficient  to  snpport 
the  body  when  it  is  unaided  by  the  spasm.  In  a  still  greater  degree 
a  volm/ary  eflort  may  only  excite  general  spasm  of  the  limb  instrad  of 
causing  f  definite  movement.  Occasionally  there  are  also  paroxysms 
■  S««  Arthriiic  MnoaUr  Atrophy. 
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of  brief  flexor  spasm  cauaing  the  legs  to  draw  tip.  This  occurs  chiefly 
when  the  patient  is  in  bed,  ajid  eapecially  during  Bleep.  When  the 
spasm  is  great,  a  paraxyam  may  pass  iuto  Tiolent  dome  spasm,  bot 
this  is  merelT  the  oamo  clonus  that  can  be  produced  by  passive  exten- 
sion, excited  by  the  tcnaion  of  the  spontaneous  apasm.  (see  p.  263). 
Reflex  action  from  the  skin  is  also  usually  excessive,  and  the  stimulua 
excites  an  attack  of  spasm. 

The  gait  of  the  sufferers  from  spastic  paraplegia  is  very  character* 
istic.  The  legs  seem  to  drag  behind  the  patient,  and.  in  walkin>f, 
each  is  hauled  forwards  as  a  rigid  whole,  the  toes  catching  against  the 
ground^  and,  when  the  ball  of  the  foot  rests  on  the  ground,  the  limb 
may  shake  from  the  clonus  developed  by  the  extension  of  the  calf 
muscles,  When  the  patient  sits,  a  aiinilLir  trepidation  occurs  until 
the  patient  pushes  the  leg  forwards  so  that  the  heel  rests  also  on  the 
floor.  The  muscles  of  the  legs  are  usually  large  and  well  nourished. 
They  often  seem,  indeed,  to  be  hypertrophied,  and  perhaps  are  really 
so ;  the  contraction  of  apa^m  constitutes  a  physiological  stimulus  to 
growth,  just  as  does  voluntary  effort.  But  they  are  not  always  large; 
they  are  soraetiruea  moderately  wasted.  The  electric  irritability  is 
usually  perfLH^t  ly  normal,  but  in  the  muscles  that  present  the  slight 
wasting  just  mentioned  there  may  be  a  trifling  diminution  of  irrita- 
bility to  fariiiiism  and  voltaism  ulike.  When  the  patient  ceases,  or 
almost  ceases  to  walk,  contracture  sometimes  occurs  in  the  calf 
muscles.  An  active  contracture  is  indeed  common*  preventing  at  first 
passive  flexion  of  the  ankle  beyond  a  right  angle ;  but  if  the  pressuR* 
is  maintained,  the  muscles  yield  and  full  flexion  is  possible.  But  i« 
some  cases  there  is  the  fixed  contracture  described  on  p.  257  (form  3). 
Flexor  contraction  at  the  hip  or  knee  may  occur  also  in  the  same  cases 
under  the  influence  of  posture,  but  is  on  the  whole  rare,  the  tendencj 
to  it  being  counteracted  by  the  extensor  spasm. 

The  arms  are  often  unaffected,  but  they  suffer  in  some  cases,  and 
present  the  same  progressive  weakness  and  excess  of  myotatic  irrita- 
bility. Vigorous  contractions  are  elicited  by  a  tap  on  the  tendon  of  a 
muscle,  or  on  the  bone  to  which  the  tendon  is  attached,  provided  the 
muscle  is  extended.  A  clonus  can  sometimes  be  obtained  in  the  flexors 
of  the  fingers.  There  is  less  paroxysmal  spasm  than  in  the  leg,  bnt 
much  rigidity  of  the  limb,  from  active  muscular  contracture,  flexing  the 
-elbow  and  flexing  the  fingers  at  all  the  joints,  as  in  the  "  late  rigidity" 
of  hemiplegia.  The  difference  in  the  form  of  spasm  ia  the  arm  and  leg 
is  no  doubt  connected  with  existence  of  a  reflex  extensor  mechanism, 
in  the  lumbar  centres^  concerned  in  the  act  of  standing.  The  masdei 
of  the  arm  are  often  as  well  nourished  as  those  of  the  leg.  The  affec* 
lion  of  the  two  arms  is  very  rarely  equal ;  it  is  common  for  one  arm 
to  be  almost  normal  when  the  other  is  much  affected  and  both  legs 
are  equally  involved.  Sometimes,  however,  the  arm  and  leg  on  one 
side  are  paralysed,  and  the  limbs  on  the  other  side  are  so  slightly 
involved  that,  in  comparison  with  the  palsied  members,  they  seem 
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normal ;  the  patient  often  belieree  that  thej  are  unaffected,  bat 
(fxaminatiou  always  rereals  some  weaknesa  and  an  abnormal  degree 
of  mjotatic  irritability. 

The  muflcks of  the  trunk  may  also  suffer.  A  subjective"  feeling  of 
weakness  "  in  the  back  is  often  complained  of  early,  but  set'ms  to  be 
as  much  a  senaorj  aa  a  motor  symptom.  Painful  apaam  of  the 
abdominal  muscles  may  occur  in  seTere  cases,  and  I  have  even  known 
attacks  of  tetanoid  rigidity  of  the  back  to  be  produced  by  attempts  to 
move. 

It  is  not  common,  in  typical  cases,  for  the  sympt^ims  to  extend  into 
the  reirion  of  the  cranial  nerves,  but,  in  rare  instances,  diiEcuhv  of 
swallowing  and  of  articulation  has  existed,  due  to  a  similux  palsy  of 
the  bulbar  nerves.  Excessive  myotatic  irritability  has  also  been 
obeerred  in  the  muscles  of  mastication,  so  that  a  tap  on  the  chin 
a  vigorous  elevation  of  the  depressed  jaw  (Beevor)* 
jory  s}  mptoms  are  often  entirely  absent,  with  the  exception  of 
alight  dull  pains  in  the  le^s,  or  more  frequently  in  the  back.  Tlie 
sensation  of  weakness  in  the  back,  already  mentioned,  occasionally 
reaches  an  intense  degree.  Bheumatoid  pains  may  be  troublesome, 
but  sharp  pain  is  rare,  except  in  unty|iit!iil  cases  to  be  presently 
mentioned.  In  such  eases  also  there  may  be  very  slight  defect  of 
sensibility — such,  for  instance,  aa  blunting  of  tactile  sensibility  on 
the  linger-tips.  Subjective  sensations  of  "numbness,"  tingling, 
formication,  are  more  wmmon.  Tliey  may  exist  for  years  without 
the  development  of  any  other  anflsethesia,  in  spite  of  the  progress  of 
the  motor  symptoms. 

The  sphincters  are  sometimes  affected,  occasionally  very  early ; 
often,  however,  they  escape  even  to  an  advanced  stage.  Sexual  power 
may  be  lost,  or  may  remain,  even  when  the  spastic  paraplegiit  has 
reached  a  hi^h  degree.  The  nutrition  of  the  skin  and  joints  under^ 
goes  no  change. 

Ocular  symptoms  are  rare,  with  the  exception  of  nystagmus,  which 
wili  often  be  found  if  searched  for.  The  action  of  the  pupils  is 
usually  perfet't,  and  I  have  only  once  seen  optic  nerve  atrophy  in  an 
uncomplicated  case. 

The  infantile  form  may  resemble  very  closely  that  which  occurs  in 
adults*  There  are  the  same  exteuttor  spasm  and  increase  of  all  forms 
of  reflex  action.  As  the  child  sits  on  the  knee  or  a  chair  any  sensory 
stimulus  will  make  the  legs  shooc  out  in  spasm  (Fig.  131).  But  the 
rigiclity  does  not  reach  the  extreme  degree  often  attained  in  the  common 
form.  The  excess  of  the  knee-jerk  is  always  distinct,  but  a  foot- 
clonus  is  not  often  to  be  obtained,  perhaps  because  the  muscle-reflex 
mechanism  related  to  the  calf  muscles  has  not  received  the  functiurml 
derelopment  that  must  result  from  the  process  of  walking,  with  its 
recurring  sequence  of  tension  and  contraction.  The  active  contracture 
in  the  calf  muscles,  which  most  cases  present,  is  a  serious  hindrance 
to  walking  even  when  the  muscular  power  is  sufiicient,  and  it  is  long 
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-  ~T*  -he  ::::rracture.  In  most  cases,  liow- 
_-  ..  .-iiZj  "iir  r-jwer  of  walking,  although  much 
—^  -".-3.  r-z  >: me  peculiarity  of  gait,  sometimes 
i'*-**:;^;-*!  r  .r^ssion,"  in  which  one  foot  j^^ets  over 
-.iax    S:^  li-,,  or  with  a  swinging  oscillation  of 
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.^.   .i»>,.;  wralysis  (cerebral).     Extensor  spasm  in 
^^i-^i*    Bvr*«»i«n.     (Drawn  by  Dr.  H.  R.  Spencer, 

l"     »   i*  Marriott.) 
>i*,c  vAmlysis  of  cerebral  origin  :  cross-legged 

.    'r  Sjv:ioer,  from  a  photograph.) 

,rt>.>i  :o  adult  life.     The  growth  of  the  legs  ii 

*c:;:  '.-"r.ic  spaim  such  as  is  seen  in  adult  casos. 

.  i.:s«.-:^.ior  of  movement,  spontaneous  irregular 

•.  ja::on.  but  in  the  cases  that  can  fairly  Ixj 

^  s      :he  arm  symptoms  are  slight.      Whou 

1  :s  ofton  termed  "double  athetosis."    Its 

..  1  v.>:.  II. 

.-  uvr:  with  which  constitute  gra'iations  betwe«>n 

.  .,  i-^d  other  degenerations  of  the  spinal  corl. 

....    .v-oxist  ill  oas.'s  an])roximating  the  "  ataxic 

,^    J.0  next  8e<aion.      Cases  may  Ix^giii  as  puro 

,   .i:«Tal  sclerosis  may  ]x>  superadded.     Sliirht 

.    i.-.v.s  may  1m'  ass.M.iatod  with  indications  of 

j^  A!id  constitute  a  transition  to  the  form  of 

.      V  wliich  the  name    "amyotn^phic  latei-al 

^..^a.      Very    rarely    considerable    muscular 

,,    u  the  saiii.'  p:irl.     Spastic   parapH'ia  also 

^>   .-oases   ^^l^irh    afterwards   develo}>    other 

^   ;:aisseiiiiiiated  sclerosis.      Nystagmus,  how- 
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r«  &fl  liBJi  alieadj  been  stated,  may  occur  in  cases  otlierwise  offerisg 
no  symptoms  except  those  of  lateral  colutan  affection.  UnfM|uivocal 
ajmptoms  of  syrinjaromjelia  have  also  bt^en  known  to  develop  in  a 

which  presented  in  it^  earlier  stages  the  characteristic  signs  of 
krimarr  lateral  sclerosis  * 

lateral  sclerosis  of  the  spinal 
cord  (like  posterior  sclerosis) 
often  forms  part  of  the  morbid 
process  that  underlies   general 

lysis  of  the  insane.    In  some 

of  this  character  the  mental 
8Tniipt4>ms  are  extremely  alight, 
and    the    case   may    have   the 

:t  of  a  primary  spinal  dis- 
\  with  slight  mental  failure 
complicating  it. 

The  course  of  characteristic 
of  primaiy  spastic  para- 
[plegia  is  thus  very  chronic.  The 
malady  may.  at  any  ^taire.  cease 
to  advance.  Slight  i^ymptoms 
may  remain  stationary  for  twenty 
jears.  Often,  however,  arrest 
only  occurs  when  the  disease 
[lias  reached  a  considerable  de* 
gree.  It  is  perhaps  the  least 
dangerous  to  life  of  any  chronio 
spinal  disease.  Even  secondary 
kidney  trouble  scarcely  ever  oc- 
curs; perhaps  the  excessive  re- 
flex action  may  save  the  bladder 
from  injurious  over-distension. 
It  is  when  other  elements  of 
the  cord  suffer  that  dangerous 
complications  ensue. 

Pjltholooicai*  Anatomt. — In 
the  fa^t  just  stated  we  probably 

have  an  explanation  of  the  silence  of  morbid  anatomy  on  the  subject  of 
unconiplioated  lateral  sclerosis.  **  Nee  siJet  mora/*  the  apt  motto  of  the 
Pathological  Society,  is  true  chiefly  of  disease  that  kills.  Complete 
degeneration  of  the  pyramidal  tracts,  anterior  as  well  as  lateral,  is 
met  with  chiefly  in  cases  in  which  the  anterior  ganglion-cells  and  motor 
serves  are  also  diseased,  although  in  some  instances  the  amcaint  of 
this  disease  is  small*  and  limited  to  the  cervical  region.    An  instance 

•  Chare©!,  *  Progr^  Medical/  18UL 

f  I  *is  ind«bteil  for  thda*  uMstioni  to  Dr.  I>r«a«hfeid»  who  hu  published  tllS  «•• 
C  Britbb  Mod.  Joarn*!.,*  J*ii.  29th«  1881). 

VOL.  u  n 


Fxe.  183,— SclerwU  of  the  latn-nlMidfin 

the  rervicftl  refpon  MntiTior)  pvran}id«l 
tracts,  with  alight  de^euerutiuii  of  tbe 
ftnt^rior  cornuit.  A^  cfrvieailj  B,  dor- 
Mil  C,  lumbar  tectian».t 
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before  tlieattPGi^ 

later  tlian  u 
a  tendencj  t 
or  in  front  ot   L; 


:.    Tlie  degenen 
tfi  the  lateral  trt 
«iird»  &a  in  Fig. 
in  the  dorsal  a 
aa£t,  Eknd  inten} 
mA  talerren««  betwee 
pf0  maUer      There  i 
of  nerve-fibre 6 
L  :li!B  affect^  area, 
ji^iioD,  and  Lndicat 
The  degieiiemtic 
iheniselTes.     In 
tered  through  tl 
Ik  m  the  pyraB 
tlon  of  the  trac 
_^  %Bd  oerebml  hemispb 
qf  degeneration  havi 
tfte  bnuD  was  traced 
eomua  was  slight,  t 
I  the  apastic  paraljsi 
Such  a  ease  is  alir 
It  B^ment  of  the  s 


_,^^^iai—  I     tract*,  lateral  and  auterioi 
^^  |k^  *  ^*'*  ^  muicular  atrophy. 

tracts  is  well  shown  i 

,  gHOSOiulAr  atrophy.     The  ai 

Jl^eoerated,  and  the  sclerosis 

of  the  lateral,  but  in  front  e 

Hk  *•  Nearologie/  1883,  No.  18. 
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w»rdi,  probably  iu  the  abort  fibrea  that  connect  tbe  anterior  oomn 
at  dififcrent  loveia.  In  other  ca«e8,  in  which  the  anterior  gsingUon- 
.'Us  were  normal,  the  scleroBis  has  not  been  limit«d  to  the  pyra- 
midal tracts ;  the  anterior  columns  have  been  also  sclerosed  in  the 
lumbar  region  of  the  cord.*  The  direct  cerebellar  tract  and  po«- 
leiior  reaiciilar  columns  have  been  also  found  degenerated  with  the 
pjiminidal  tract,  and  an  annular  sclerosis  of  the  periphery  of  the 
antero-lateral  column  haa  been  found  in  several  castas. f  More  frequent 
still  is  a  combination  with  degeneration  of  the  posterior  columns, 
kscribed  more  fully  in  the  next  section.  In  most  of  these  combined 
the  degeneration  has  lessened  in  the  upper  part  of  the  cord.     In 

case,  at  least,  the  white  oolumns  ot  the  cord  have  been  found 
healthy.  The  probable  significance  of  this  fact  has  been  already  stated 
(p.  491).  It  should  be  remarked,  however,  that  there  seems  sometimes 
to  be  a  tendency  for  the  morbid  process  to  eitend  beyond  the  pyra- 
.midal  tracts  in  a  manner  that  suggests  a  greater  tendency  for  the 
mdary  connective- tissue  changes  to  take  on  an  independent 
l^invasiTe  activity  than  in  other  system  diseases.  (See  also  Ataxic 
Paraplegia.)  Another  point  that  deserves  mention  is  the  occasional 
occnjrence  of  lateral  sckrosis  in  association  with  insular  sclerosis.  In 
cases  of  this  character  tha  degeneration  of  the  pyramidal  tracts 
purely  secondary,  the  result  of  the  damage  to  the  pyramidal  fibres 
by  an  islet  of  sclerosis  situated  in  some  pai*t  of  their  course.  But  it 
dijGB  not  appear  that  this  explanation  can  be  given  of  all  cases.  In 
some  instances  the  sderosia  uf  the  pyramidal  tract  appears  to  be  inde- 

lent  and  coincident.  A  Bimilar  association  of  insular  and  posterior 
>si8  has  also  been  observed ;  and  such  combinations  receive 
additional  emphasis  from  the  fact  that  insular  sclerosis  may  be 
looompanied  by  a  primary  atrophy  of  the  optic  nerve,  similar  to  what 
occurs  in  tabes,  although  probably  not  identical.  These  facts  make  it 
probable  that  lateral  sclerosis,  although  a  system  disease,  is  often  one 
of  lest  strict  features  than  tabes,  having  some  tendency  towards 
chronic  myelitis.  We  shall  see  that  tbii  is  true  also  of  ataxic 
paraplegia. 

The  probable  mechanism  of  the  symptoms  that  give  the  dominant 
charac'ters  to  the  malady  have  been  considered  in  the  general  aocouiit 
of  the  symptoms  of  disease  of  the  spinal  cord.  The  most  important  fact 
is  that  the  degeneration,  whatever  its  upward  extent,  always  involves 
the  lowest  part  of  the  pyramidal  segment,  because  it  seems  to  begin 
ill  *hi8  and  ascend  the  fibres.  Hence  the  intra-comual  termination 
must  always  be  involved.     This,  it  is  assumed,  is  the  structure  that 

*  Aa  in  a  cute  Recorded  m  on«  of  «i|>iuiic  |»Br&|>te^i«  by  Hopkins  ('  Br»in/  Oct» 
1888),  but  ihl«  wu  an  cxAinp1«  of  combined  Utcral  and  po»t«rior  ■clerottis  (ataxic 
pampl«g^ia).  An  Ulti>ti»tioii  of  tb«  ch«ugoa  In  tbis  caie  is  glwtn  lo  the  &«st 
•eciiuDi. 

t  Dir*H  ««ret>»llar  «itd  pyramidal  traota  in  a  ca««  i>y  MtDkowilc!,  in  wbich  ttia 
<lt«f»-e  nptdly  ittcovedod  ijpljilbi  aaaoiar  sckroaia  by  Weatpbal  (i«a  AUxic 
Paravt^gia). 
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controls  tlse  musck-reflex  centre,  and  the  consequent  loss  of  conlrol 
explains  the  excess  of  myotfl.lic  irritabilitj  and  the  progressiTe  spasm* 
progressive  bv  what  may  be  tcmied  a  ftincfional  hypertrophy  result- 
ing from  continuous  over-action.  Wlien  there  is  the  rare  consecutive 
wasting  of  muscles  we  must  conceive  that  the  degeneration  involves  also 
the  ganglion -cells  and  lower  segment  of  the  motor  path  ;  when  there 
is  coincident  wasting  of  other  muscles  than  those  that  aro  the  seat  of 
spasm,  it  would  seem  that  some  elements  of  this  lower  segment  are 
the  seat  of  a  prinmrv  degeiiei-ation.  The  slighter  muscular  wasting 
without,  or  with  only  trifling,  change  in  electrical  irritability,  is  the 
expression  of  a  slighter  alteration  in  t-he  nutrition  of  the  cells  and  fibres, 
without  actual  destructive  degeneration. 

Diagnosis.— The  diagnosis  rests  on  the  combination  of  weakness, 
excess  of  myotatic  irritability,  and  spasm— on  the  gradual  onset  of 
these  symptoms — and  also  on  the  absence  of  indieationa  of  a  focal 
lesion.  An  acute  onset,  occupying  a  few  days  or  weeks,  is  prima 
faeie  evidence  of  a  lesion  that  tnkes  the  ease  out  of  the  tvit^gory  of 
degenerative  disease.  In  most  aciit**  cases  there  is  other  evidence  of  a 
focal  lesion,  extending,  at  some  level,  beyond  the  limits  of  the  motor 
path.  Such  indications  are  initial  impairment  of  sensation,  or  & 
girdle-pain.  The  latter  indicates  irritation  of  the  posterior  root^fibres 
at  a  certain  level,  and  proves  that  at  that  level  the  disease  extends 
beyond  the  limits  of  the  pyramidal  tracts.  Spastic  paraplegia  is 
common  after  such  lesions,  but  is  secondary  and  not  primary. 

Although  marked  sensory  symptoms,  in  a  case  that  presents  the 
symptoms  and  course  of  primary  lateral  sclerosis,  are  thus  evidence 
that  the  sclerosis  eitends  beyond  the  motor  tracta,  and  that  the  ca«e 
is  not  one  of  pure  lateral  sclerosis,  it  is  doubtful  what  significance 
is  to  b^  attjiched  to  very  slight  sensory  symptoms,  such  as  slight  sub- 
jective sensations  of  dull  pain,  formication,  &c.,  when  they  exist  alone. 
It  is  possible  that  thoy  are  due  to  functional  disturbance  in  the  sen- 
Bory  nerve-elements,  and  do  not  implv  structural  disease  outside  the 
motor  area.  They  are  not  followed  by  any  more  pronounced  sensory 
symptoms. 

The  absence  of  objective  unsteadiness  is  the  chief  distinction  from 
ataxic  paraplegia  (g.  v.).  When  this  is  slight  it  may  be  difficult  to  say 
in  which  class  a  case  should  be  placed.  There  are  no  cloubt  intermediate 
cases  in  which  I  here  is  a  very  slight  degree  of  the  additional  lesion  that 
exists  in  ataxic  paraplegia,  but  the  distinct  objective  character  of  the 
ataxy  is  the  best  criterion.  Considerable  muscular  vrasting  in  any  part 
is  commonly  recorded  as  bringing  the  case  into  another  category,  that 
of  •' amyotrophic  lateral  sclerosis";  but  some  cases  of  the  kind,  in 
which  the  wasting  is  confined  to  a  few  muscles,  resemble  more  closely 
the  cases  we  are  now  considering  than  they  do  those  with  wide- spread 
and  extreme  muscular  atrophy.  These  cases  are  further  considered 
in  the  account  of  progressive  muscular  atrophy. 

Primary  spastic  paralysis  is  not  nncommon  in  those  who  are  at  the 
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mgB  and  of  the  sex  at  whlcli  lijBteria  prevails,  und  there  is  no  form  of 
Curd  disjeuse  that  is  so  often  miwtaken  for  hvstericfl.!  paraplegia.  The 
mistake  is  facilitated  bj  the  pei-fect  muscular  nutrition.  But  the 
mistake  ought  not  to  occur,  as  the  peculiar  extensor  cbajacter  of  the 
spaam,  lessening  with  flexion,  is  distinctive ;  nothing  resembling  it 
t'\u-r  occurs  in  hysterical  paraplegia.  When  the  spiisin  is  trifling  or 
absent,  as  in  ahght  and  early  cases,  the  diagnostic  difficulty  is  much 
greater,  and  ia  increased  by  the  fact  that  slight  excess  of  myotatic 
irritability  occujs  in  some  eases  of  so-called  hysterical  paralysis.  But 
ibis  scarcely  ever  reaches  the  degree  necessary  to  give  rise  to  a  true 
foot-clonus  or  a  retitus-clouua.  There  may  be  a  slight  clonus  pro- 
duced  through  a  voluntary  depression  of  the  foot  of  the  patient  in 
response  to  the  passive  flexion  of  the  ankle,  and  readily  recognised ; 
or  a  true  clonus  may  be  obtainable  during  hysterical  contracture,  but 
apart  from  such  contracture  a  true  foot-clonus  or  a  rectus-clonus 
deserves  the  greatest  weight,  as  all  but  conLlusive  evidence  of  organic 
disease.  I  have  known  many  mistakes  iu  diagnosis,  in  which  lateral 
sclerosis  was  mistaken  for  bysterical  ] paraplegia  owing  to  disregard  of 
the  evidence  afforded  by  this  symptom,  but  I  have  never  known  the 
opposite  error  from  undue  regard  to  this  symptom.  Moreover 
an  excess  of  myotatic  irritability  in  so-called  bysterical  paralysis  must 
depend  on  more  than  functional  disease.  There  must  bo  changes  in 
nutrition,  and  consequent  persistent  defective  control  of  the  muscle- 
reflex  centres.  On  the  hypothesis  that  I  have  advanced,  this  control 
is  exerted  by  the  termination  of  the  pyramidal  fibres,  L  e.  of  the  upper 
motor  segment,  by  the  structures  degeneration  of  which  probably 
causes  spastic  paraplegia.  A  case  is  actually  on  record  (the  case  of 
lateral  sclerosis  described  by  Charcot  in  1865)  in  which  an  initial 
hysterical  paraplegia,  cured  suddenly  and  relapsing  on  emotion^ 
passed  ultimately  into  lateral  sclerosis.  Similar  cases  of  initial 
hysterical  paraplegia  frequently  develop  all  the  characters  of  dis- 
Beiiiinated  sclerosia. 

When  the  arm  and  leg  suSer  on  one  side  only,  the  disease  may  bo 
mistaken  for  cerebral  hemiplegia.  There  is  not,  however,  any  affection 
of  the  face,  which,  although  theoretically  conceivable,  is,  as  a  matter 
of  fact,  always  absent.  The  limbs  on  the  other  side  are  never  quite 
normal,  but  present  slight  symptoms — weakness  and  an  excess  of 
myotatic  irritability— similar  to  those  on  the  affected  side,  which 
indicate  the  nature  of  the  malady. 

The  diagnosis  of  the  congenital  infantile  form  is  only  difficult  when 
the  observer  is  imaware  of  the  occurrence  of  these  cases.  A  shght 
degree  of  inco-ordination  in  the  hands  will  usually  be  found  if  they  are 
carefully  watched  while  the  patient  takes  hold  of  some  object.  The 
wide  separation  and  irregular  movement  of  the  fingers  is  "^ery  charac- 
teristic. Chronic  primary  cord  diseases  are  almost  imknown  in  young 
cliildren.  Caries  of  the  spine  is,  in  them,  the  chief  cause  of  ftara- 
ple^'ia ;  and  the  definite  onset  of  the  paralysis,  in  a  previously  healthy 
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child,  IS  Bji  absolute  distinction  from  tLe  c^ses  of  birth-paJBj.  Otlier 
diagnostic  indications  are  described  in  Vol.  II  (Infantile  Meningeal 
Heemorrhage).  A  definite  onset  also  distingnishes  glioma  of  the 
pons,  which  may  likewise  cause  spastic  paralysis  of  arms  and  legs. 

Peoonosis.— In  primary  luteiul  sclerosis  there  is  eome  prospect  of 
arrest,  and  even  of  improvement,  if  the  disease  has  not  reached  an 
advanced  stage.  Actual  recovery  is  rare,  but  does  sometimes  occur  in 
early  oases.  When  the  spastic  state  is  well  developed  and  has  lasted 
for  some  time  it  is  very  rare  to  obtain  more  than  arrest.  This  is, 
perhaps,  due  rather  to  the  tendency  of  the  disease  than  to  its  d< 
since  a  similar  condition  that  is  secondary  to  a  focal  lesion  often  I 
passes  away  completely ;  and  many  facts  show  that  it  is  not  likely 
that  there  is  anything  in  the  nature  of  the  lesion  to  preclude  tho 
restoration  of  a  normal  condition  until  dense  connective  tissue  haa 
replaced  the  nerve-elements.  In  the  cases  that  improve  most,  it  i» 
possible  that  the  disease  is  limited  to  the  terminal  structures.  Wo 
have  notj  at  present,  any  guide  to  the  prognosis  in  an  individual 
besidas  its  duration  and  degree,  except  its  observed  tendency,  especially 
under  treatment.  The  prognosis  of  the  infantile  form  is  considered 
in  VoL  II. 

Treatment. — So  far  as  drugs  are  concerned,  the  treatment  is,  to  a 
large  extent,  the  same  as  that  of  posterior  sclerosis,  already  described. 
The  drugs  most  useful  are  the  same,  but,  unfortunately,  their  influence 
ifl  less  frequently  appnxjiable.  Nux  vomica  and  strychnine  liave.  how- 
ever, to  be  given  with  caution,  and  in  very  minute  doses,  as  they  have 
a  tendency  to  increase  the  spasm,  lu  severe  cases  this  is  a  nuist 
distressing  symptom,  and  often  not  amenable  to  any  influence- 
Bromide  sometimes  lessens  it  slightly,  but  even  large  doses  of 
bromide  have  but  a  trifling  effect.  Indian  hemp,  belladonna*  and 
Calabar  bean  may  be  tried,  but  seldom  have  a  distinct  influence.  One 
of  them  may  Ixj  combined  with  arsenic,  or  whatever  metallic  agent  is 
employed.  Absolute  rest  is  sometimes  of  service,  and  occasionally 
eeems  to  produce  improvemetit,  which  all  treatment  failed  to  effeit 
while  the  patient  was  walking  about.  The  avoidance  of  fatiguing 
exertion  is  a  very  important  element  in  treatment,  and  often  seems  to 
permit  medicines  to  do  gootl,  which  before  were  counteracted.  Kub- 
bing  is  also  beneficial  in  some  cases.  Its  influence  on  the  spasm  is 
often  very  distinct  during  the  process,  and  a  long  course  of  rubbing 
has  produced  a  permanent  improvement  in  the  spastic  condiiioti. 
Upward  rubbing  seems  to  have  more  influence  than  knemling  the 
muack*8.  If  there  is  contracture  of  the  calf-muscles,  the  foot  should 
be  pressed  up  while  these  muscles  are  rubbed.  When  there  are 
fEkoiHties  for  it,  the  rubbing  may  advantageously  be  combined  with 
sweating  in  the  Turkish  bath.  In  one  case,  of  moderate  degree,  almost 
all  the  symptoms  passed  away  after  a  long  course  of  Turkish  baths, 
arsenic  being  also  giren.  The  patient,  who  could  at  first  walk  scarcely 
b«lf  a  mile,  became  able  to  walk  scN'enil  miles  without  fatigue,  and  th« 
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improTement  was  pernmuentv  Electrieitj  is  uselesa  in  the  pure  disease. 
Faradism  and  all  painful  applications  an^  harmful,  stininlatiug  fuiibor 
the  already  excessive  excitahility  of  the  reflex  centres.  The  conitaiit 
current  to  the  muscles,  or  from  the  spine  to  the  muscles  or  to  the  feet 
in  water,  hjis  no  distinct  influence  in  either  lessening  the  spism  or 
improving  th©  strength.  The  actual  Piiutery  is  in  many  cases  most 
beneficial 

In  the  infantile  form,  drugs  are  useless.  Rubbing  is  desirable,  and 
can  be  efficiently  performed  by  the  nurse  fir  mother.  Carefully  phmned 
gymnastic  exercises  are  also  useful.  The  tendo  Acbillis  is  sometimes 
divided  for  the  contracture  of  the  calf  rausules,  but  the  operation  is 
useless  and  ought  never  to  be  performed.  Supports  help  the  child  to 
walk  somewhat  sooner  than  it  would  without  their  aid,  and  so  hasten 
improvement,  but  they  should  only  be  employed  when  there  is  sufficient 
power  and  control  to  make  them  useful  by  enabling  the  will  to  effect 
ordered  movemente. 

I^AMiLT  Form  or  SpASTto  Paealtsis. 

Cases  in  which  the  ixsual  symptoms  of  simstic  paralysis  have  been 
present  in  several  members  of  the  same  family,  occasionally  in  different 
generations,  have  been  described  by  Erb,*  StrumpelUf  BtTiihardt,J 
Newmark,§  Raymond,  Sougues,||  Gee,^  Tooth,***  and  others.  Occa- 
gioually  to  the  symptoms  of  the  cord  affection  evidence  of  bulbar 
involvement  has  been  added,  and  the  condition  has  probably  been 
dependent  upon  some  congenital  weakness  of  the  pyramidal  tracts 
and  their  correlated  structures,  predisposing  them  to  premature  decay. 
Optic  atrophy  has  also  been  met  with.  The  condition  is  further  briefly 
aUudad  to  in  the  chapter  on  Hereditary  Ataxy  {q.  v.). 


ATAXIC    PAEAPLE0IA. 


(cOMBTirED    LATEBAL   AND    POBTEItlOE   SCLEB0BI8.) 


The  term  ataxic  paraplegia  seems  the  most  accurate  clinical  designa- 
tion for  a  disease  of  the  spinal  cord  which  presents  a  combination 
of  the  symptoms  of  paraplegia  and  ataxy,  and  oonBists  in  combined 

*  '  Dent.  ^Uch,  t,  ^'tjrvtiuheilk./  Bd.  vi. 
t  Ibid.,  Bd.  iv. 
X  *  Vircb.  Archiv,*  cixvi. 

§  •  Amer.  Jonrn.  Med.  Sci,/  1898;  'Med.  New^'  1897. 
11  'Sym.  M^d./  1896. 
1"  '  St.  Burt/a  Hogp,  Reports,'  jcxv, 
••  Ibid.,  xivii. 
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tlisease  of  flie  posterior  and  lateml  columns.  AlUiongh  its  fjiwiral 
features  |>risent  some  varieliea,  and  may  approacli  thoa©  of  c«ch  of  it« 
constituent  rurmsof  disease,  yet  in  the  majority  of  caaoa  tht»  symptoiBA 
are  imiforra,  and  gufficiently  cliaract*'ri«tic  to  justify  tiio  distioctioii 
of  the  disease  and  ita  separate  description.  As  early  at  1867  West* 
phal  described  cuinbino'l  sclerosis  of  lateral  and  posterior  columns  in 
genei-al  paralysis.  Erb,  von  Leube.  Prerost,  Pierret,  a^d  oUiom, 
during  the  next  ten  years,  published  cases  definitely  showing  the 
simnltant'ous  occurrence  of  sclerotic  changes  in  the  lateral  and  pos. 
terior  colurana.  Von  Ley  den,  in  his  book  on  spinal  cord  diseases  in 
1875,  briefly  referred  t-o  tlie  condition  as  one  of  "  combined  Sflrrosia 
of  the  posterior  and  lateral  columns,"  and  mentioned  a  case  which  he 
had  seen-  The  Erst  8yi*t4>matic  deaeriptiuii  of  the  condition,  howeyer. 
was  tliat  given  in  1877  by  Kahler  and  Pick  in  an  article  on  "  Com- 
Mned  System  Affection  of  the  Spinal  Cord."  C.  Westphal  next  pub- 
lished a  pafver  on  '*  Combined  Affection  of  the  Tracts  of  the  SfJtnal 
Cord,"  in  which  five  cases  were  described.  Later  Dana,  in  America, 
descritHfd  si mitur  cases;  Grasset,  going  on  clinical  f features,  described 
a  similar  condition  as  *' ataxo-spastic  tabes  "  and  Dejerine  as  **  at&xo- 
paraplegic  tabes/**  In  the  first  edition  of  this  book,  pubh'»^bM  in 
1886,  a  condition,  similar  both  clinically  and  pathologically,  uf  whicli 
the  writer  had  seen  seveiul  cases,  was  described  under  the  name  of 
ataxic  paraplegia,  a  descriptive  title  indicating  the  combination  of 
immple^ie  weakness  with  ataxy. 

Caubes. — Neurotic  heredity  is  to  be  traced  only  in  a.  small  propor- 
tion of  the  cases— about  one  tenth.  A  history  of  syphilis  is  as  nw« 
as  it  is  frequent  in  pure  tabes.  Males  suffer  much  more  frequently 
than  females.  The  disease  usually  commences  between  thirty  ajid 
forty ^  but  I  have  known  it  to  begin  as  early  as  nineteen  and  as  late 
as  fifty-two,  while  commencement  at  fifteenf  and  at  siity-onej  is  on 
record.  Exposure  to  cold  is  to  be  traced  occasionally  as  an  exciting 
cause.  In  one  young  lady  the  symptoms  commenced  aft49r  ik  seaaon 
of  balls,  at  which  when  heated  she  would  habitually  ttt  at  open 
windows,  and  often  sleep  in  clothes  saturated  with  perspiration.  In 
iL  few  cases,  severe  exertion,  such  as  excessive  athletics,  has  be«a  thi& 
apparent  cause.  A  severe  concussion  of  the  spine  has  sometimes  pr^ 
ceded  the  first  symptoms  by  a  few  months.  The  disease  may  also 
follow  great  sexual  excess.  In  many  cases  no  cause  can  be  tiaoed, 
immediate  or  remote.  Its  general  etiology  thus  resembles  that  of 
simple  spastic  paraplegia. 

•  Sm  Prerott,  *  Arch,  de  Phvfiologie/  L  iv  ;  Picrwt,  ib.|  BftbMicQ^  *  Vlrehow'e 
Arcblv,*  Bd.  liiri ;  Kabler  siid  Pirk.  •  Arch.  f.  PiycHifttrS*-,'  Bd.riii  i  We»tpJ.«l,  IK, 
ltd.  via  and  x  j  D*»im.  *  New  York  Med,  Eccord.'  Jt>ly  2, 1887  ;  and  aiirk*.  *  Brain/ 
1890.     Aj  to  Drjeriiie'i  descriplioii   l^e   Lnditine,  '  Brmln,*   ISHO,   y.  h30\  Qrammti, 

Vfftlftdlei  du  Sy«teioe  nenreux  f  Montvi-lUir,  1894. 

t  OppeuhKini,  *  Neiir.  Cent./  1888^  p.  Ii47.  8uoh  fforljr  cut*  m*  geoM^ly 
u«>1»t«d  form*  of  **  H«rediury  Atftxy/' 

♦  Sa^-klinif.  •  lijuicet,*  I88ti. 
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Stmptoms. — Tb.e  onuet  of  the  disease  is  usually  slow  and  gradiULl, 
two  or  three  years  paasing  before  walking  power  is  much  impaired;  it 
ifl  rarelj  subacut'e,  bo  as  to  reach  a  considerable  degree  in  two  or  three 
months.  The  earlv  symptoms  resemble  those  of  spastic  paraplegia, 
with  the  addition  of  at^ixic  unsteadiness,  which  may  be  at  first  the 
most  prominent  symptom.  The  legs  suffer  first,  often  aloae,  or  the 
arms  may  also  b©  involved.  The  patient  finds  that  he  tires  more 
readily  than  before,  and  also  becomes  uust«?ady  on  turning  or  ^vilIking 
Tii  the  dark,  and  these  symptoms  gradually  increase.  The  wi-akuess 
may  be  slight,  but  if  all  the  moyements  are  tested,  a  defect  in  power 
will  be  found  in  some,  often  most  in  the  flexors  of  the  knee  and  hip, 
&nd  frequently  more  in  one  leg  than  the  other.  The  patient  is  unsteady 
when  be  stands  with  feet  together,  and  he  tends  to  fall  if  the  eyet 
are  then  closed.  If  the  feet  are  bare,  the  irregular  action  of  the 
muscles  is  shown  by  the  movement  of  the  tendons  on  the  dorsum  of 
the  foot,  as  in  tabes.  In  early  cases,  the  inco-ordination  is  revealed 
by  the  patient's  gait,  which  is  distinctly  unsteAdy.  There  is  rarely 
the  high  movement  and  sudden  descent  of  the  feet  often  seim  in 
tabes,  but  (as  in  many  cases  of  tabes)  the  patient  is  unsteady,  reela 
on  turning,  and  has  often  to  bring  his  foot  suddenly  to  tie  ground  to 
maitttain  his  equilibrium.  He  may  even  have  to  steady  himself  with 
a  stick,  or  to  catch  hold  of  some  adjacent  object,  to  save  himself  from 
falling.  The  ataiy  is  equally  evident  when  he  lies,  and  attempts,  his 
eyes  being  closed,  to  touch  some  object  with  his  foot 

The  sensory  and  reflex  symptoms  present  a  marked  contrast  to  those 
of  tabes.  Lightning  pains  are  almost  always  absent ;  I  have  only  met 
with  them  in  one  case,  and  in  this  they  were  a  transient  symfitom. 
Sometimes  there  is  a  slight  dull  pain  in  the  legs,  felt  especially  on 
fatigue.  DuU  pain  in  the  sacral  region  or  in  the  sj^ine  i&  not 
uncommon,  and  is  often  an  early  symptom.  The  sacral  pain«  indeed* 
is  sufficiently  fi-equent  to  deserve  special  note.  A  girdle- pain  ib  met 
with  only  in  rare  cases.  As  a  rule  there  is  no  loss  of  sensation  either 
on  the  legs  or  trunk.  Hyperesthesia  is  equally  lure.  Eeflex  action 
from  the  sole  may  be  normal  or  increased;  less  commonly  it  is 
diminished.  The  cremasteric  and  abdominal  reBexes  are  sometimes 
lost.  The  most  striking  difference  from  tal>es,  however,  is  in  the  con- 
dition of  rayotatic  irritability,  which,  in  the  vast  majority  of  cases,  is 
greatly  increased.  Tlie  knee-jerk  is  quick  and  extensive;  it  can  l»e 
obtained  from  above  (see  p,  22).  and  there  is  generally  a  distinct 
rectus-clonuB.  The  foot-clonus  is  also  commonly  to  be  obtained.  This 
myotatic  excess  persists  and  increases,  and  when  the  arms  are  involved 
they  present  symptoms  similar  to  those  in  the  legs— inco-ordination, 
weakness,  and  marked  excess  of  the  myotatic  irritability. 

There  may  be  conspicuous  ataxy  of  the  hands,  and  a  tendency  to 
€immp-Uke  spasm  on  an  attempt  to  use  them.  The  muscles  in  both 
arms  and  legs  are  usually  well  nourished. 

Sexual  pewer  is  often  lost  early  in  the  disease.    The  sphincters  maj 
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Among  Qomplicatioim  the  most  important  are  mental  changes 
revemblmg  those  of  gsneral  paralysis  of  the  insane,  of  whioh  indeed 
this  combined  sclerosis  maj  form  part.  Slight  muscular  atrophy 
sometimes  occurs.  Arthritis  of  doubtful  significance  has  been  ob- 
eerred.  A  patient  of  Westpbal's  prest'nted  derangement  of  the 
sympathetic,  and  di^^d  from  peculiar  spasm  of  the  muscles  of  ie«pira- 
lion.     Visceral  crises,  however,  are  practicaUr  unknown. 

Pathological  Awatomt. — In  all  cases,  the  spinal  cord  has  pre- 
sented sclerosis  of  both  posterior  and  lateral  columns  ;  but  the  precise 
extent  and  degree  of  the  degeneration  are  subject  to  considerable 
▼ariationi.  As  a  general  rule,  the  sclerosis  of  the  posterior  columns 
differs  from  that  of  tabes  in  two  particulars.  First,  it  is  not  more 
intense^  and  often  it  is  less  intense,  in  the  Iximbar  than  in  the  dorsal 
D'gion  of  the  cord.  Sometimes,  indeed,  as  in  the  case  shown  in 
Fig,  1^.  in  the  middle  and  lower  parts  of  the  lumbar  region,  the 
posterior  columns  may  U*  free  from  sclerosis,  although  it  is  considernble 
in  the  dorsal  region  and  at  the  junction  of  this  with  the  lumbar 
enlargement  (b).  The  second  differOEDoe  is  that  the  sclerosis  has  not 
lliat  special  mtensity  in  the  root -zone  of  the  poster »>extemal  colunm 
which  characterises  the  lesion  (»f  tabes.  In  rare  casos  the  whole 
posterior  column  in  the  lumbar  region  is  diseased.  The  part  of  the 
icternal  column  near  the  commissure  and  near  the  neck  of  the  posterior 
horn  usually  remains  free.  Sometimes  the  degeneration  does  not 
extend  up  to  the  posterior  surface  of  the  cord ;  for  instance,  as  in  the 
HMe  figured,  it  affects  chiefly  the  middle  three  fifths  of  the  posterior 
•otmnna.  When  the  degeneration  is  considerable,  the  posterior 
median  columns,  in  the  upper  part  of  the  cord,  nuiy  present  the  usual 
ascending  degeneration  of  secondary  origin.  When  the  lesion  is  slight 
in  degree  in  the  lower  half  of  the  cord,  there  may  be  only  a  diffuse 
digeneration  of  the  columns  in  the  <-ervical  region,  similar  to  that 
Mow,  and  not  the  more  intense  limited  affection  of  the  median  pari 
which  occurs  when  there  is  a  typical  ascending  degeneration  from  a 
considerable  lesion  of  the  column  lower  down. 

The  degeneration  in  the  lateral  columns  is  also  Tariable  in  extent 
and  positiun,  and  is  often  not  strictly  "systemic"  in  character,  i.  e.  ia 
not  strictly  limited  to  a  single  system  of  fibres,  although  the  pyra- 
midal tracts  are  chiefly  affected.  In  one  or  two  cases,  inthx-d.  the 
wbol«  pyramidal  tn^^t,  and  this  alone,  has  been  degentirHi«Hl ;  but 
more  often  the  sclerosis,  while  intense  in  this  tnict,  also  nt^^nds  in 
fruut  of  it  into  the  mix^d  zone  of  the  lateral  columns  (Fig.  135,  A«  Bj. 
A  similar  extension,  however,  is  usually  met  with  in  tlie  sclerosis  that 
attends  de;>onerntion  of  the  anterior  oomua;  ooni|>arc  Pig,  133.  The 
li^t«rttl  limiliug  lay«?r,  betwt^n  the  pyramidal  tract  and  the  grey  matter, 
may  be  als-*  invaded.  The  direct  cerebellar  tract  olten  escapes,  at  in 
Fig.  135  a  (b  is  behiw  its  level  of  origin),  but  it  is  affected  in  Home  cases. 
0Doa«ioaaUy  a  suae  of  sclerosis  baa  eiiatod  in  the  whale  periphery  of 
,cstenduig<li!«ply  into  the  Uinnl  column  in  th#peeilMin  ol  thti 
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pjmimiilal  tract.  This  tract  has 
been  found  diseased,  in  some 
degree,  in  all  caaes,  and  in 
several  the  extent  of  its  degene* 
ration  has  been  greater  in  the 
luwer  part  of  the  cord  than  in 
the  upper.  The  direct  (anterior) 
tract  may  bo  affected  as  well  aa 
the  lat;ei"al,  and  is  cominonlv  in- 
Tolved  when  the  lesion  is  censi- 
sidorable  in  the  upper  part  of 
the  €ord.  As  in  most  other  de- 
generative diseases  of  the  cord, 
there  may  be  some  increase  of 
connective  tissue  in  the  un* 
affected  columns.  Asa  rule  no 
morbid  change  has  been  reoog- 
I  used  in  the  grey  matter  or  in 
the  membranes.  In  one  case 
(mly  was  there  slight  meningitifl. 
Disease  of  the  ascending  root  of 
the  fiith  has  been  found  in  some 
cases  ;•  in  one  there  was  also 
atrophy  of  the  cells  of  the  oculo- 
nii^tor  nucleus,  and  the  case 
thus  differed  considerably  from 
the  type.  The  muscles  haTB 
been  found  normal. 

PATHOLOoY.^The  double  !©• 
sion  in  the  posterior  and  lateral 
columns  supplies  an  explanation 
of  the  two  sets  of  svmptomB 
which  characterise  the  di^tease. 
The  inco-ordi nation  must  berft* 
ferred  to  the  disease  of  the  pos- 
terior colufims,  which*  greateit 
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t^  li»  B  it  i*  very  iUme  iu  the  whole  lalLTnl  column^  inrolring  not 

*SmX  tnrt  Uiit  the  limi ting- Ujer,  and  part  of  the  "mixed  zone;"  in 

tv^li  u%ml  tut  tlighter  !a  de^^ree.    There  U  lome  incrente  of  tueoe 

,'i  i)«t'>r  colunini,  and  «  focus  of  iclenwii  iie*r  the  eaterior  Eseare, 

,  M»d  I*.  Oil  both  «ide«  in  C.f 

^t»4^ff,  Cent./  1S88.  p.  647. 

V-  J.  Hopkins  *or  the  opportnnity  oF  Hmwlng  these  tectioot. 
.  «d  twentj-ODe,  m  whom  weakuesa  of  the  legs  comoieooed 
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in  tlie  dorsal  i^on.  inTnlyes  tbere  the  fibres  that  confliict  impulses 
from  the  muflcles,  probaltly  to  the  ce r.?ljelluin.*  The  effect  must  be 
to  lessen  the  cerebellar  ijuiJaiioe,  and  this  explains  the  reseiiiblaiice 
of  the  tnco-ordinatiou  to  that  in  cerel>elliir  disease.  The  £act  that 
the  disease  does  not  extend  into  the  lumbar  root-zone  accounts  for 
the  integrity  of  the  muscle- reflex  action,  and  enables  us  to  understand 
this  marked  difference  from  tabes.  Disease  of  (he  direct  cerebellar 
timet  probably  has  an  influence  similar  to  that  of  the  postt-rior 
aiedian  columns.  That  interruption  of  the  cunductin*^^  path  in 
the  cord  will  produce  inco-ordination  is»  as  we  hare  seen  (p.  258), 
well  established.  The  sclerosis  in  ataxic  paraplegia  occupies  also  tlie 
region  of  the  cord  in  which  the  short  vertical  fibres  run,  connecting 
the  posterior  grey  matter  at  different  lovek,  and  it  is  possible  that 
the  damage  to  these  fibres  may  contribute  to  the  ataxy. 

The  only  recognisable  lesion  that  can  be  regarded  as  the  cause  of 
the  paralysis  is  the  degeneration  of  the  pyramidal  tract.  The  st^te- 
m&Dts  BUbde  r^arding  spastic  paraplegia  apply  also  to  the  disease,  and 
need  not  be  repeated.  The  lesion  has  been  found  greater  on  the  side 
on  which  one  leg  was  weaker  than  the  other.  The  variations  in  the 
amount  of  disease,  which  does  not  always  correspond  to  the  degree  of 
palsy,  are  probably  due  t^  the  fact  that  the  latter  may  be  caused  by 
degeoisration  of  the  termination  of  the  fibres,  which  may  be  much 
greater  than  that  of  the  fibres  higher  up  the  cord.  In  most  cases  that 
have  been  examined,  the  visible  disease  was  great^er  in  the  lower  than 
in  the  upper  part  of  the  cord,  increasing  from  above  downwards,  a 
fact  which  suggests  that  the  maximum  lesion  is  at  the  lowest  part — 
in  the  terminal  ramification  within  the  grey  matter. 

The  chief  pathological  difficulty  arises  from  the  fact,  which  we  have 
aheady  considered  in  connection  with  spastic  paraplegia,  that  the 
morbid  process  often  extends  beyond  the  limit  of  the  tracts  chiefly 
dinnatird      It  tends  to  assume  a  difhise  character,  so  that  it  has 


at  twenty^  ftft«r  «  wttt\ng.  fcnproired,  snd  tlieti  »\ow\j  inereA«ed.  H«  wm  uliiuu*  «l 
A  jsar  after  the  oniet,  with  oon«iiderftb1e  «'eakitsc  of  the  legt,  m  reeling*  unatefttly 
put,  iQcr«a*ed  knee^erk,  foot-elonoa,  but  with  no  Hiisathctia,  wavtimg  of  muscle*, 
fi^tii,  or  affection  of  th«  annt.  The  ■jrmptoisti  slowly  increased,  pftmpligia  bseame 
al)»olQt4',  and  the  ipaMiii  very  iutente,  ■ometttnea  flexor  and  •ometimes  otaiMiv 
There  waa  a  doubtful  imfmirnieDt  of  aensihility  U*  tuoch  on  the  lega,  bnt  no  toaa  to 
piin.  The  •phinctera  b^^came  alTected,  bcdiMuret  formed,  iinil  the  patient  die*!  twn 
yean  after  the  onset.  Faller  detaili  wUl  bs  foond  in  'Brain.'  October*  ISaJ, 
p,888. 

*  Maeh  rridenoa  has  been  obtained  of  the  conner*!<in  of  the  posterior  median 
culumnt  with  the  cert'bellnm  thr^nffh  the  grey  matter  of  it«  bulbar  nucleaa,  and 
alao  of  the  eflVct  of  interrupt i>»ii  of  Iheee  column*  in  the  dorsal  ^trd.  in  cautln^jf 
ineo-ordinaiioti  like  that  of  cerebelUr  dineaae.  itftidea  the  eiperimenta  of  Bi^ch* 
t«  rew  on  the  latt'^r  point  already  mentioned  (p.  215),  h  rr^eot  important  invo»t]|fa* 
tiun  into  the  connection*  of  the  c<-r«;Uell»m  fully  conflnna  that  with  the  poat.* 
pyramidal  nuclaut  (Broti«t,  *ConlHb.  i  I'^tada  dea  CoDnaxJoti*  da  Crrvelet>'  Pmit, 
1801). 


Djtilftig  than  a  sjsteia 
positiou,  and  LUu strata 
th^  primary  decaj  o^ 


deg^neratiDu  this  j^wth 
I  labes  it  may  manifest  »o 
tB  be  still  greater  in  a 
morhid  tendoiicj  may 
ajid  interstitial  tisaue, 
m  to  cause  considerable  eban 
»ml  marked  aymptotnaf  such 
.Midition  LB  really  one  of  ekro: 
sUetified,     Thin  is  probiibly 
m  been  mueh  discusaed,  whet 
It  is  «o  ia  tjpical  cases^  b 
diseases,  and  iatermedi 
^^^  tfiffue  character  and  non 


I&l^rid  unii 

The  pmU^ 
telerotU  m 
parti;   In 

middle  ani 
nejgbbonrii 
fined  U-f  1- 
colunini  J! 
iu  frtinit  u! 
only  the  p;, 
A  it  Ik  filiLii 
throng  liou  I 

+  I  am  ini' 


-^A^idb  ataxic  paraplegia  has  to  ' 
:!  ifa  3t4ge  of  th<>  disease  at  which  t^ 
jmdL  The  dominant  syTnptom  in  t , 
;  in  the  later  period,  the  spas*^ 
riy  stag*  ig  liable  to  be  confouBd-^ 
omdition  of  the  kne^-jerk,  lost 
digtmctire.  In  the  ror^  casts 
k  ii  ia  n€E¥er  increased.  In  ta 
will  always  be  found  in  ata 
\  «3rt<Jueor  apasm  aiie  added,  thez 
[t  it  is  necessajy  to  emphasise  t 
luch  tmst^adiness  aro  frtj«|yeiit^ 
knee- jerk.  Prom  primary  apagt*^^ 
I  the  presence  of  inco-ordinatio 
power  has  become  too  thght  to 
paraplegia  is  spagtic  paraplegii 
_  *' hereditary  ataxy"  presents  ^ 
l^jia,  and  ia,  mdeed,  as  we  shai^ 
and  tro©  tabes.  It  is  distin- 
^fveral  members  of  the  same  family,  and 
Ois-jert ;  while  the  presence  of  nyitaf * 
f  ArtJealation,  and  of  other  synipt(*m^ 
m  dwoase^  diatinguiah  the  iaolaW  laaes 

. «  focal  chronic  myelitis  dependi  chiefly 
IB  the  former,  ajid  their  limitation  in 

•  il^tmut  Willi  i.  «  reiult  of  tosio  iortiicMi. 
il»yiiiy,  4c,  Soiii*^  of  thfl  csua  *i€s»cribiid  u 
,  dl  tJiii  nature  {m^  nejt  cecUod), 
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the  latter  llie  subacutd  form«  of  mjelitis  aro  also  disiingtiislittl  bj 
their  more  rapid  onset.*  The  greateet  difficulty  ia  presented  by  ceases 
'K'hich  hare  a  subacut'e  onset,  and  the  distinction  from  a  local  mrelitis 
inTolfing  the  posterior  and  lateral  columns  may  bo  very  difficult,  It 
depends  chiefly  on  the  progressive  tendency  of  the  8Tm|>tom8,  whitli 
«ontjra8t«  with  the  regressive  tentlency  of  myelitis.  It  U  possible  that 
when  there  is  a  degenerative  tendency,  a  focal  myelitis  may  set  up  a 
progreasiTe  degeneration  in  the  columns  concerned,  as  it  certainly  may 
■et  up  &  degeneration  limited  to  the  p«jsteriur  columns 

A  tumour  in  the  middle  lobe  of  the  cerebellum  may  cause  nnsteadi- 
necs,  cloaely  rosembling  that  of  some  cases  of  ataxic  paraplegia,  and 
it  may  also  cause  weakness  of  the  legs  with  increased  knee-jerk,  from 
the  pressure  on  the  pyramidal  fibres  as  they  pass  through  the  pons. 
In  such  cikses,  indeed,  we  probably  have  the  two  elements  of  the 
diaeaaet  produced  in  a  different  manner,  by  lesions  of  different  posi- 
tion. We  have  a  degeneration  of  the  lateral  columns  which  is  secon- 
dary instead  of  primary,  and  we  have  disease  of  the  co-ordinating 
centre  instead  of  interruption  of  the  path  to  it-  But  the  weakness  in 
the  legs  is  never  great  in  cerebellar  tumour,  and  special  symptoms  of 
this  are  never  absent.  Occipital  headache,  vomiting,  and  optic  neuritis 
are  present  in  most  casett.  In  a  case  in  which  the  pons  is  compressed, 
•0610  onnial  nerves  are  usually  also  damaged. 

Pko<»v08I8, — The  prognosis  in  ataxic  pamplegia  is  similar  to  that 
in  the  spaetio  form,  and  de]ieuds  on  similar  cuusidcrationM,  which  need 
not  be  here  repeated. 

Trb4tm BVT. — The  treatment  of  ataxic  paraplegia  is  the  same  as  that 
of  the  allied  diseases,  and  especially  of  spastic  parapl^^ia,  to  the  account 
id  which  the  reader  is  referred. 
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STATES. 


PsLtJk.a&A. 

Pellagra  is  an  endemic  malady  which,  though  fortunately  unknown 
in  this  country,  deservee  mention  here  on  aicuunt  of  the  incidence 
of  ita  effects  on  the  spliial  cord.  Its  chief  anatomical  lesion  is  a 
degeneration  of  the  lateral  and  posterior  columns  of  the  cord,  corre- 
sponding closely  to  that  of  ataxic  paraplegia,  and,  aa  in  that  disease, 
with  a  greater  altection  of  the  lateral  than  of  the  posterior  columns. 
It  difEers,  however,  in  the  fact  that  some  atfophy  of  the  large  nerve> 
cells  of  the  anterior  comua  is  common,  and  also  in  the  constancy  with 

*  Vvr  ti>tti«  iii»irueUv«  noUt  ou  tUit  point  \n  iimtiuomf  mw  Dr««clift;Id.  'Bnun,' 
jKna«rjr.  1888. 
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SPINAL    CORD. 


wTiicli  chronic  mflamTaation  of  the  pia  mater  is  met  with.  «nmetimf*s 
.icconipaaicd  hy  the  formation  of  bony  plates  in  the  arachnoid. 

The  Camt^  of  the  disease  appears  to  be  the  action,  ou  the  elements 
of  the  spinal  conl,  of  an  ororaniBcd  virus  (or  of  some  product  of  this) 
which  is  taken  into  the  system  with  diseas^ed  or  unripe  raaize,     Erea 

spirit  distilled  from  sueh  unripe  m.aize 
may  cause  the  disease.  The  distri- 
bution of  the  diaeas*?  in  the  north  of 
Italy,  where  the  maize  is  frequently 
u'ltUered  uaripe,  is  significant.  T)ie 
in  IS  has  been  thought  b/  some  (as 
liomliroso)  to  b^  a  fuJigiM  growing 
in  the  maize  ;  by  others  to  be  specific 
micro-organ  J  snis  of  other  than  fun- 
goid natur<j.  present  in  the  maize, 
which  develop  in  the  system  and  pro- 
duce there  the  toxic  agent  that  has  & 
special  action  on  the  nerve-element» 
(Belmondo),  The  i-csearches  of  Tuc- 
zek*  have  clearly  shown  that  tlie 
cbanjLfe  is  a  sclerosis  of  the  cord  de- 
pendent upon  some  toxic  substance 
oceuiTing  in  di8e^.8ed  or  unripe  maite. 
The  effects  of  the  poisons  fall,  not  on 
the  peripheral  nervous  system,  but 
on  the  spinal  cord,  and,  as  is  usual  in 
such  conditions  (see  previous  section)^ 
the  sclerosis  induceii  is  symmetrical, 
and,  as  will  be  seim  from  the  ilhis- 
trations  (-Fig:.  136),  in  its  distribution 
is  very  similar  to  that  met  with  in 
conditions  of  anaemia  and  debility 
(p.  513). 

The  Symptoms  resemble  very  closely 
those  of  ataxic  paraplegia.  There 
is  weakness  in  the  legs,  with  in- 
creased myotatic  irritability  goiiig  on 
to  spasra ;  unsteadiness  of  moTement,  especially  in  the  early  stages, 
sometimes  atTonipanied  by  tremor.  Sensibility  may  be  normal, 
or  tlte  yierri'ption  of  touch  or  pain  may  be  increased  or  lessent^d. 
Belmoudo.  from  an  important  series  of  investigations,!  has  arrived  at 
the  conclusion  that  the  symptoms  depend  on  a  primary  systemic 
degeneration  of  the  nerTe-elements  of  the  pyramidal  tracts  and 
posterior  columns,  determioed  by  the  influence  of  the  toxic  agent. 
The  course  of  the  disease  is  chronic,  but  aometimea  an  intenselv  acute 

*  Tuccek,  'Klinbche  ti.  Anat(nni«c'lie  Studieii  (Iber  die  PeHa^rmp*  Burlia,  IS93. 
f  «Eiv.  Spt-nment./  1889-00,  %v  and  ivi. 


Fio.  ill'.  >ri>^r<>r*is  in  peltaifra 
(TiU'/'U).  The  durkly  iih*dcd 
«rLM^  iudkato  the  aclerosia. 
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stage  comes  on,  with  symptorns  of  spinal  mcnini^itis,  -  a  condition  to 
which  the  term  "  typhus  pella^rosue  "  has  been  applied.  After  death 
in  thia  atate  there  are  often  found  commencing  acute  myelitis,  in 
addition  to  the  inEammation  of  the  membranes,  and  also  awelling^  of 
the  intestinal  lymphatic  glands,  with  signs  of  entt^ritis,— indications 
of  Mi  acuto  blood -state  which  justify  the  view  that  the  affection  is, 
primarily,  a  toioemic  malady. 


ScLEEOBia   OF  TH£   CoRD   BE8ULTIKQ   FSOM   OTEXB   ToXIC  BlOOD- 

6TAT£8. 


During  the  laat  few  years  the  effects  of  toxic  blood-staiea  in  cauaiug 
changea  in  different  parts  of  the  nervoua  sjetem  have  been  widely 
recogniaed.  The  occasional  occurrence  of  sclerotic  changes  in  the 
apmal  cord  in  aaanciation  with  aleohoUc  neuritia,  not  merely  as  a 
result  of  the  neuritis,  has  been  already  referred  to  in  the  chapter  on 
Multiple  Neuritis,  but  the  researches  of  Williamson  *  have  proved  the 
occasional  occurrence  of  sclerosis  of  the  posterior  columns  in  diabetes 
— a  disease  with  a  well-recognised  toiic  blood-atate. 

lu  1887  Lichtheimf  described  three  cases  of  p**miciou8  anaemia 
which,  in  addition  to  the  usual  symptoms  of  that  diseaae,  had  sym- 
ptoms of  spinal  cord  affection.  In  two  the  aymptoma  pointed  to  a 
miied  affection  of  lateral  and  poeterior  columns,  in  the  other  the 
posterior  columns  were  thought  to  be  chiefly  affected.  In  the  last 
case  no  post-mortem  examination  was  obtained,  but  in  the  other  two 
distinct  spinal  cord  changes  were  found,  viz.  almost  complete  degene- 
ration of  the  coiumus  of  G-oll,  and  similar  but  slighter  affection  of 
the  pyramidal  tracts.  Lichtheim  auggested  a  toxic  btooil -state  as  the 
probable  cauae  of  these  changes.  Minnich^  a  pupil  of  Lichtheim, 
pubhsbed  a  aeries  of  similar  cases,  and  supplemented  his  work  by 
examining  the  cords  of  five  patients  with  peroicioua  anaemia  wlio  had 
had  no  symptoma  of  spinal  cord  affection.  He  found  two  sets  of 
changes  present,  (1)  capillary  hB&morrhages  with  apparently  miliary 
scU/roais  resulting  from  them^  and  (2)  a  alight  aclerotic  change  in 
certain  parts  of  the  cord  as  indicated  by  slighter  coloration  after 
hardening  in  bichromate  salts,  of  the  posterior  and  also  of  the  anto* 
rior  and  lateral  columns. 

He  alao  found  similar  changes  in  the  corda  of  patients  the  subjects 
of  cachectic  and  debilitating  conditiona,  such  as  chronic  jaundice, 
leukffimia,  and  cerebellar  tumour  Within  the  period  that  has  elapsed 
since  then  similar   cases   have  been   described   by  Van   Noordert,f 

•  *  Brit.  Mf  d.  Jonrti./  1894,  p.  S98, 
t  '  Neur.  Cent,/  1887,  p,  2^^, 
t   Ibid.,  1889,  p.  662. 
§  '  Charia  Annaleo,'  1891. 

VOL.  I.  33 


^ 


^tSkk^'^IU). 


ikiufs    TaTlor,§    Michell   Clark,|| 

»  of  the  cases  having  the  usual 

.  >cbRi»  howoTer,  being  merely  an»mic, 

iios  ^ibvioas,  bat  in  whom  there  were  dis- 

jr  3nI*aiztrition.     In  1891  Putnam,  of 

j£  miem  scleroses  of  the  spinal  ooid, 

Jegteneration  occurring  in  enfeebled 

T  in  women."     In  four  cases  exa- 

^^wirtu  ^m^  £oand  in  both  lateral  and  posterior 

.«a^  Uifc  Mto  foond  disintegration  of  cells  in  the 

.oMMb-  jxe  u)  doubt  similar  in  origin  to  those 

.la^MErtT  of  eases  the  onset  of  the  spinal  cord 
i  br  a  period  of  bad  health,  more  or  les^ 
leading  to  impairment  of  vitality.  Thi^^ 
x-«k  oi  blood  immediately  preceded  the  anenx^ 
•««i  Action  was  afterwards  added.     Diffici 
i»  dn»c  complained  of,  and  one  leg  maj^ 
4«*iHwly  than  the  other.     Sharp  lancizu^    ^ 

j^  ■>»  ;yfft**"*y  pains  of  tabes,  are  occasionally  pr^i^T*^^ 

^>a    :km.   immMactly  painful,  are  frequent.     The 
,^^  ^  .11^  aonnal  or  diminished,  and  there  m^ 
«  .'v^  .^liUi     In  some  cases,  however,  they  a.^ 
-.tttk.  -:^  o«  cHv«ent  on  one  side  and  not  on  tl 
T  .  .«j^^!B««ttM.  :iJ»  sometimes  happens,  and  somt 
.  .lA^  .>>.huw  pcvsented  is  that  of  ataxic  parapU 

until  the  patient  is  unable  to 
,«.^  .lU^ttArownt  may  occur,  considerable  rv^ 
_K.    tw  Siffrrr  in  cases  in  which  they  were 
The  arms  also  may  be  involve 
qwTements  at  the  wrist  and  ell 
01  ciuiine  chorea,  and  probably  c:^^, 
j^  »,a»u.  *•  ^vme  to  discuss  the  morbid  a^-> 
^   >4i|Mnkdded,  and   bedsores,  cystitvi 
.  _v-    fc  ^*w  ^"^  *^  ^  ^^^^  issue. 

ut  uf<^  ^tt»niara.t.o/l  there  mav  of  cc^- 
.*^<jui*»i  Anwmia — such  as  rediictiofc' 
.^.^^HiMii^*.  enlargement  of  spleen,  a«i 
^  v.^*iMM>    But,  as  has  been  stat 
i  ^m  ^Mttubition  under  notice. 

%    j^M(.  X«i.  Wochenschr./  1892. 
*  -  JM^  t  Piych,'  xzv,  1893. 
«    afeMi^*lS94. 
^  -  |^4.4?hir.  Tnni./  1895. 

yH^L  Journ./  1897. 
1898. 

,«|  Nerv.  and  Ment.  Dim^ 


%-Wtf>Mt>* 
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MoftBtD  Anatovt.— The  oh&nges  found  in  the  flpinal  oord  are 
:uriauBljr  uniform  (Fig.  137).    In  the  cervical  region  thej  are  uguallj 


Wi<^  W. — Showing  Bdrnitit  oeearrittf  In  m.  cum  of  profnund  uvmit. 
Th«  Mlrrofctc  *?•»•  ar*  d«oio)Hurit«'d.  Not«  in  tbe  lumlMr  rord  the  oom* 
pftntiv«  atMM  ai  tbt  ptptO'TnnrBioftl  and  oornii*coiDiniMonl  IrMlik 
A,  etrricnL    B,  dor«l*    C^  Immbac* 


J J 


■Bo****'  A^tb  di^^^tr  «»¥«'='*^'     ,a iu  l>"'»' 


By'«^P**^rorM«ome«'-fXv'^o. 


jB0 
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im^ication  that  the  blood  is  probably  the  vehicle  by  which  the  maieriet 
uot'bi  IB  brought  to  its  destioatiou  ;  and  it  is  vt-rj  significant  that  the 
chiinges  in  the  spinal  cord  in  iM^llaj^m,  an  adniit*4?dly  toxic  disease,  ait5 
praotically  identical  in  distribution  with  those  in  the  conditions  under 
notice.  The  nature  of  tlie  poison  we  do  not  know,  and  it  cannot  be 
said  with  certainty  whether  it  acts  directly  on  the  nervouB  element*, 
or  by  first  producing  disease  of  the  bl*wid- vessels.  In  many  caaes  the 
blood-Tessel  walls  are  found  thickened,  in  some  instances  to  the  point 
of  occlusion,  and  the  occurrence  of  hsemorrhages  in  the  retinie,  and 
elsewhere  under  similar  conditions,  sugy^-sts  that  diseased  vesaels  and 
consequently  altered  blood-supply  may  gire  rise  to  interference  with 
the  nutrition  of  the  cord,  and  ho  produce  a  sclerotic  condition.  Such 
an  explanation  is  not  probable.  Yet  there  seems  no  reason  to  doubt 
that  in  some  of  the  eases  the  occurrence  of  small  hajmorrhagea  in  the 
cord,  similar  to  those  that  occur  in  the  retin®  in  pernicious  ans^mia, 
may  be  an  element  in  producinjj  the  changes  which  we  meet  with. 
The  obsorrationa  of  iliiinich  and  others  already  alluded  to,  on  llie 
cords  of  patients  suffering  from  jicriiiviaus  ana?mia,  demonstrate  the 
occurrence  of  such  hcemorrba^es,  and  of  small  foci  of  degeneration  as 
the  result  of  thorn,  in  those  cases  in  which,  it  is  true,  no  special  sym- 
ptoms of  curd  affection  were  noted  during  life.  But  if  such  hromor- 
rhaget  occur  in  these  cases*  it  seems  likely  that  they  are  not  altogether 
absent  in  cases  in  which  disease  of  the  cord  is  more  pronounced.  And 
it  must  be  confessed  that  in  some  cases  the  difference  betwceJi  two 
sections  of  the  cord«  within  a  short  distance  of  each  other,  is  greater 
than  18  to  be  satisfactorily  accounted  for,  except  on  the  supposition  of 
some  local  condition  to  give  rise  to  the  difference.  Such  heemorrhages 
would  of  course  be  no  part  of  the  ultimate  pathology  of  the  affection, 
which,  as  we  have  said,  ia  almost  certainly  toxic;  but  they  might 
account  for  some  of  the  changes  visible  in  the  spinal  cord,  especially 
those  which  constitute  a  departure  from  true  symmetry. 

The  view  of  Nonne  and  others,  that  the  condition  is  really  one  of 
disseminated  myelitis,  offers  many  difficulties.  The  absence  of  any 
small-celled  infiltration  such  as  is  found  in  myelitis,  the  absence  also 
of  such  ascending  and  descending  degenerations  as  foci  of  inflamma- 
tion would  produce,  seem  to  constitute  insuperable  difficulties  to  the 
acceptance  of  such  a  view.  That  the  condition  is  to  be  accounted  for 
by  patches  of  change,  hosmorrhage  perhaps,  in  the  grey  matter,  is  most 
unlikely.  In  many  cases  no  change  is  found  in  the  grey  matter ;  when 
any  change  is  present  it  is  slight  and  non-symmetrical,  and  one  striking 
feature  is  the  escape  from  degeneration  of  the  endogenous  fibres  of  the 
eomu-commissural  and  8ej*to-niarginal  tracts  of  the  cord  (see  p,  218), 
tracts  which  connect  the  grey  matter  at  different  levels,  and  which 
would  presumably  suifer  conspicuously  in  any  primary  affection  of 
that  tissue.  So  that  on  all  grounds  the  change  is  to  be  regarded  aa 
probably  of  the  nature  of  a  parenchvniatous  degeneration  of  the  nerve 
substance,  with  secondary  overgrowth  and  hardening  of  the  connective 
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wide-spread,  and  are  found  in  anterio 
the  part  of  the  anterior  column  chiefl; 
being  the  pyramidal  tracts,  although 
these  in  either  region.  In  the  dorsal 
sive,  but  there  is  a  gradual  diminut 
lumbar  region  the  sclerosis  is  much  le 
in  character.  In  this  region  the  part 
commissure  is  usually  spared,  as  also  1 
—the  septo-marginal  tract  of  prob 
alluded  to  (p.  218).  It  is  well  seen  i 
It  is  interesting  to  note  that  the  other 
is  spared  probably  also  consists  of  ( 
comu-commissural  tract.  The  sclero! 
lumbar  cord  usuaUy  becomes  restrj< 
close  to  the  posterior  root.  These  dv 
to  extend  upwards  beyond  the  lovtM 
and  although  slight  but  distintt  ch. 
cells  of  the  anterior  horn,  and  al!*>i. 
definite  evidence  of  affection  of  th<^  / 
in  the  few  cases  in  which  changes  tij  "j 
more  than  prolmbl*?  tliat  in  mtiw  f  | 
it  may  be  cxpt«ct«id  that  they  ^^ ''  j 
regularly  and  cjiref  ully  eiamined.     1 

The  change  which  constitutes  *  ^ 
thickening  and  increase  of  the  iv 
which  have  disappeared.     T)»' 
number  of  vessels  in  the  afV.  .^ 

well  seen  in  moat  cases  in  wb: 
lumbar  regions.     In  on©  of  V  ^ 

work  of  small  thin- walled  en; 
with  thickened  wilHs,"      Bii 
marked  infiltration  o£  th^ 
these  degenerations  hftvr 
in  any  of  the  affected  tra. 
and  Minnieh  describe  ia 
ptoma  of  spinal  cord  a  IT 
rotic  foci  the  result  of 
cord,     The  import^iJict? 
discussing  the  pathol* » - 

Patholoov;— Til* 
condition  pres*  n 
the  blood.      Itr 
debility,  its  pr 
fi-om  pemicio 
similar  distri  1 

probability.  m 
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dcfinitelj  anoBinio  cases  iron  and  lurseiiic  are  clearlj  indicate,  and 
thej  are  so  probabljr  in  all  cases.  Bone  marrow  does  not  seem  aa  yet 
to  haT6  received  a  trial,  but  tlmt  also  in  oombination  with  the  dni^s 
BMOtioned  would  possibly  be  found  to  have  a  good  effect.  Cystitis, 
bedaorei,  and  contractions  mufit  be  treateni  if  t  hey  arise.  The  pains  may 
be  ierero  and  necessitate  morphia,  biit  the  nwtl  for  this  may  be  lessened 
by  injectionji  of  cocaine,  as  recommeuded  in  the  chapter  on  Tabea* 


"ITEREDITARY   ATAXY" 

(FB»I>BST0H*6   DI8KA»E,    HEBSDITA&y   ATAXIC   PAKAPLBOIa). 

The  so-called  hereditary  ataxy  is  a  form  of  ataxy,  or  rather  of  ataxic 
p  traplejjria,  depending  on  combined  posterior  and  latenil  sclerosis, 
which  occurs  in  families,  and  ditTins  further  from  the  common  forms 
of  lAbei  and  of  ataxic  [^^karafjhicia  iu  the  early  age  at  which  it  alwnvs 
oommences,  and  in  the  preseucu  of  certain  additional  symptomi'.  It 
k  often  termed  "  Fne<ireich's  dist>ase,"  because  thii  physician  first 
described  the  characteristic  features  of  the  malady  and  t  he  lesion  in 
the  posterior  columns.* 

The  dependence  of  the  disease  on  a  congenital  tendency  is  clearly 
shown  by  it-s  usual  ucx-urrence  in  families.  But  direct  inheritance  has 
been  traced  in  only  a  few  instances.  In  one,  the  mother  of  the  family 
affected,  and  her  mother,  both  suffered  from  the  disease.  That  a 
p'Ucral  neuropathic  inheritance  is  also  sometimes  effective  is  shown 
by  cases  in  which  there  is  a  history  of  other  neurotic  diseases,  such  as 
insanity  or  epilepsy,  in  collaterals  or  ancestors.  Two  brothers  who 
were  affec-ted  had  another  brother  fpileptic,  and  a  sister  suffered  from 
r**peated  attacks  of  chorea.  Alcoholism  in  parents  has  been  suppost^i 
to  be  influential,  but  the  evidence  of  this  is  not  strong.  Consanguinity 
of  parents  hits  existed  iu  some  instances,  and  has  doubtless  intensified 
the  morbid  tendency  in  these  caeee. 

The  family  tendency  of  the  disease  is  shown  by  the  affection,  in 
most  instances,  of  brothers  and  Hiaters.  Thus  sixty -five  cases  were 
distributed  in  nineteen  families,  giving  an  averse  of  rather  more  than 
three  to  each.  The  number  affected  in  one  generation  has  varied  from 
two  to  eight.     In  the  case  in  which  the  mother  and  grandmother 

*  Pncdreioh'*  first  a^couut  wm  siren  to  »  medical  lociety  in  1661*  nnd  publUhotl 
In  *Virchow'«  Archiv*  (B<le.  itvj  aud  xxtu)  in  18fi3.  Further  eaaei  w^re  pablished 
b^  him  in  1876  (ib„  Bde.  tiviii  an^i  hi),  and  *  collecalon  or  67  <«m«  it  glv^u  bv  Dr. 
Kvcrftt  Smith,  '  U'>»ton  Med.  »r«d  Surg,  Jaani»l,'  Oot,  Uth,  1886,  8«^  ultoOrmtrrtid. 
'  Ifm'm.'  Jmxu,  1888;  U^crri&i*,  •  Mid.  tiiodcrne,'  1890,  No.  25.  Mtid  'La  Seui.  MM., 
1800.  Ku«.  U.  13{  ftod  9tpeeiiiily  Soca,  ^Tliise  d«  Purii/  1888  (who  h**  cullect««l 
)66  cuief— i»«ny,  howeTrr,  doubtful),  and  Ludiinir, '  Brain/  I80O.  pt.  ill,  irbsrv  u 
fnU  biblliigniph^  will  Ite  fuundi  •••«  al»o  Mackie  Whyte,  *  Bralo/  1S&8. 
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also  affected,  making  ±^^ 
hBen  recorded,  and  they  seerix 
of  the  affection  has  not    l-^^ 
In  many  of  these  casein 
^  dis  feature  extends  beyond       '^ 
t-  mud.  X  the  only  one  of  the  sex  izx     '^ 
^  '^  only  daughter,  and  her    ^^^ 
CBr  mfer  hand,  it  is  often  to  he  no^^ 
\ii  Friedreich's  disease  occur     ^^ 
at  fifteen,  in  which  three  menil>^ 
^werer,  transmitting  the  conditl^^^ 

mxry  tqjul  liability;  males  slightly  p^^ 
V  liiriT  females).    In  some  families  t^ 
Vt.  Uit  in  others  the  disease  has  showxx  ^ 
Thus  in  one  family  of  nineto^^ 
t  tke  seventeen  females  escaped.       ^^ 
\r  Musso,  a  brother  and  sister  (ih^ 
mother)   married   healthy  individualfii  ' 
affected  out  of  seven  living  children ; 
sons  were  diseased.     A  curious  fact 
and  four  of  the  sister's  children  were 


^rflk  trmptoms  are  recognised  has  varied 

The  seventh  and  eighth  years 

most  often  begins ;  and  next  comes 

iftm  twelve  to  sixteen.    In  isolated  instances 

than  in  the  grouped  cases.     It  begins 

'^V*^  in  females,  and  often  commences  about 

family. 
T«:Wy  be  trace<l ;   preceding  acute  diseases 
:as«i»  but  can  scarcely  have  done  more. 

y^  ft»i  chief  manifestation  of  the  disease  is  a 

^        -,j-iMLnr    <  .N^-^idination,  first  in  the  legs  and  afterwards 

**  v^,:afc  <s«af  ««uncely  ever  occur,  but  cramp  in  occa- 

^,ng^i-   ilc      Ihe  ataxy  is    shown  by  unsteadiness  in 

"^    _^  -i'*^  *l  tot  slight,  but  slowly  increasing,  until  the 

' "  '^  "  -lie  afiart  in  standing,  and  the  patient  reels  in 

^  influence  of  alcohol.    The  feet  are  not 

^gn  when  an  unusually  long  step  is  taken. 

A  considerable  increase  in  the  unsteadiness 

SI  kM  bat  little  influence.     Children  often  first 

^  l««reU  Smith,  the  father  presented  symptoms  of 

^  «f  sizty-siz,  eoming  on  gradually  after  an  attack  «f 

lo  cold.    In  the  age  of  the  safferer  thin  c»»e 

i,  and  is  not  included  in  the  Hgares  given. 

or  may  show  that  a  latent  predispoution  mujr 
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«how  the  affect  ion  by  the  readiness  with  which  thej  stumble  and  falL 
The  impainueni  of  moTemcnt  io  the  arms  ib  of  a  siinilar character,  but 
Ufltiall?  rorameiic'<>8  some  time  after  that  of  the  legs.  There  is  irregu- 
larity in  the  voluntary  moveinent  of  the  arma  and  finjjors,  and  the 
ataxj  has  often  a  distmetly  jerky  character.  In  mast  cases  the  power 
of  the  muscles  is  at  first  unim]>aired  ;  their  nutrition  is  good,  but  the 
myotatic  irritability  is  lost.  In  most  cases  the  knee-jerk  has  been 
found  absent  as  soon  ae  the  patient  came  under  observation ;  in  one 
caae  it  diBappe&red  after  the  oth^r  symptoms  had  set  in ;  in  another  it 
was  normal  on  one  side,  absent  on  lie  other.  In  several  there  has  been 
no  change  long  after  all  the  other  characteristic  symptoms  had  mani- 
f.^sted  themaelTea  j  very  rarely  it  has  been  increased,  chiefly  in  untypical 


As  the  disease  progresses  some  jerky  irregularity  develops  in  the 
movements  of  tlie  uerk  and  head,  so  that  the  head  presents  slight 
unsteady  movements,  sometimes  like  an  irregular  tremor,  sometimes 
closely  simulating  chorea.  Articulation  is  also  im|  aired ;  syllables  are 
dided;  there  is  a  bluri*ed,  somewhat  explosive  utterance*  and  there  may 
lie  with  this  an  occasional  hesitation.  There  is  no  twitching  of  lips, 
but  occasional  jerky  niMVementa  have  been  noted  in  the  tongue.  The 
affe*  ti«»n  of  speech  is  not  often  an  early  symptom.  It  may  not  be 
noticed  until  three,  five,  or  ten  years  after  the  onset  of  the  other 
symptoms.  In  most  cases  (but  not  in  all)  there  is  nystagmus  when 
the  eyes  are  moved  laterally  or  upwards.  Sometimes  the  movement  is 
slower  than  in  most  forms  of  nystagmus,  and  it  is  rarely  present  when 
the  ey«?«  are  at  rest,  directed  straight  forwards.  This  symptom  may 
come  on  after  those  in  the  limbs,  but  careful  examination  will  often 
reveal  it  in  the  early  stage.  Paralysis  of  tb»*  ocular  muscles  is  very 
rare ;  in  one  cA'*e  there  was  strabismus  with  double  vision,*  and  slight 
diplopia  sometimes  exists  for  a  time  and  passes  away.  Optic  nerve 
atrophy  never  occurs.  The  pupils  are  usually  normal,  but  seveittl  cases 
have  been  recorded  in  which  there  has  been  loss  of  the  li^ht  reilex, 
Whenevej  this  condition  exists  evidence  of  hereditary  syphilis  should 
be  moet  carefully  sought  for,  as  it  is  probable  that  many  of  the  cases  in 
which  this  loss  was  met  with  were  cases  of  true  tabes,  with  some 
involvement  of  the  lateral  c«jlumns  occurring  in  young  persona,  and 
should  not  be  classed  with  the  disease  in  question. 

Sensory  symptoms  are  very  variable  Lightning  pains  and  any 
severe  pains  are  extreujcly  rare,  though  in  one  or  two  recorded  in- 
stances they  have  been  severe  ;  but  slight  duU  or  rheumatoid  paints  in 
tht*  legs  are  not  uncommon.  Sensibility  has  been  quite  noruiiU  in 
many  cases  even  of  severe  degree^  in  others  there  ha»  Itcen  slight 
uuetiheBia  in  the  legs,  early  in  some  instances,  late  in  others.  In  one 
eaae  there  wai  delay  of  conduction,  such  as  is  met  with  in  tabes  ;t 
rarely  sensibility  to  pain  and  temperature  is  impaired.  The  sense  of 
posture  of  the  limbs  has  l)cen  found  normal  in  sereml  cases  in  which 
•  CUrcoi. '  Prog.  M^..^  ISb7»  ^o,  ^ 
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Buffered,  an  uncle  and  seven  cliildren  were  also  affected,  i 
one  family.    Isolated  cases  have  also  been  recorded,  an^l 
to  be  uncommon.    Probably  the  nature  of  tlie  affnct  i 
suspected  on  account  of  the  isolation.     In  manj  o 
judge  from  personal  observations),  this  feature  eii-* 
disease;  the  patient  is  an  only  child ^  or  the  only  mi- 
family.     Thus  one  patient   was  the  only  daxigtt 
brothers  were  healthy.     On  the  other  hand,  it  i§ 
that  the  families  in  which  casea  of  Fried rpirir- 
unusually  large,  as  in  one  family  of  fift^eo,  in  ^> 
were  affected ;  another  unaffected,  however^  tninBi. 
to  two  out  of  four  children. 

The  two  sexes  present  nearly  equal  lJab»b"^ 
ponderate  (thirty-five  malea  to  thirty  females  < 
two  sexes  have  suffered  equally,  but  in  otlurr 
marked  tendency  to  affect  one  sex.      Thufl  i* 
the  two  males  suffered,   and  the   Bevt>att'< 
another  instance,   recorded    by   Museo* 
offspring  of    a  melancholic  mother)    ith 
the  brother  had  three  daughters  affetteti 
and  of  the  sister's  children  three  sons  "^ 
is  that  three  of  the  brother's  f  nd  f ou  r 
born  dead. 

The  age  at  which  the  firfir    8ym|** 
between  two  and  twenty-four     mr»,* 
of  life  are  those  in  which  tli    ahp  u 
the  period  of  puberty,  from    *dv( 
the  onset  is  generally  later    .han 
somewhat  earlier  in  males  than    '-  ■ 
the  same  period  in  the  same  );i 

Immediate  causes  can  rat  -i 
may  have  facilitated  the  on*  ft,  i 

Symptoms. — The  first  an     rh 
gradual  impairment  of  co    r' 
in  the  arms.     Initial  pair 
sionally  complained  of 
standing  and  walking,  a 
feet  have  to  be  placed  ¥ 
walking  like  one  unde' 
often  i*aised  too  high,  ^ 
Closure  of  the  eyes  ca 
in  most  cases ;  in  8or 

*  lu  the  family  reoo 
Mtaxic  parapltgia  at  f^ 
rheomatifem  prodaoe<* 
stands  alone  in  the  h 
The  case  ma.v  be  a  i 
paniet  through  life* 


m  the  fleif 
The  los 
itetoab 
A  the  lii 
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diliftBe.  atU?nded  with  onlv  tri6ing  depression  of  the  electrical  con- 
traclility ;  in  two  recorded  cases,  howeyer,  a  brotlier  and  sister*  there 
tt'aa  great  atrophj  of  muscles  with  altered  electrical  react  long.* 
Lateral  ourrature  of  the  spine,  and  talipes  equinim  or  equino^vanis 
of  the  foot  («ee  Figs,  i;^  and  13d )»  are  commun  aa  later  results  of  the 


Kriipdreu'h'a  Htiixy. 

musctilar  weakness,  developing  under  the  influence  of  posture;  and 
contraction  of  the  flexors  of  the  knees  has  also  resulted. 

Viswral  crises  do  not  occur,  Fre<iueiicy  of  puUe  has  been  noted, 
howerrr,  in  many  ca^s,  and  curious  raso-motor  symptoms  (flushing, 
C!Bck»ina.  sweatiu^^  polyuria,  and  salivation)  were  pre^^t^nt  in  one  of 
Fried reifh*s  cases.  A  basic  cardiac  mumiur  is  of  very  frequent 
•H^ciirrcncc,  possibly  assix-iated  with  the  ansDmla  which  is  frequently 
present,  Thoi'e  is  no  mental  change  t  hat  can  be  regarded  as  part  of 
the  disease,  although  imbtvility  has  co-exist^'d  (Power ).t 

The  isolated  c^ses  may  correspond  dosely  to  tlie  type,  preoenibg 
the  s^ime  nysta^mius,  weakness^  and  unsteadiness;  many  of  these 
however,  differ  somewhat,  although  sui&ciently  characteristic  in 


•  Dejerm^.  ♦  M^d.  mod./  189f».  No.  25, 

t  All  I'lptrnriit  kiiii^jfia  of  the  ■vniptoma,  (&o.«  U  fiir«n  bjCrotlerOriffith  ('Trxat* 
OdII.    I'WvB.   KInUiMpl.iM,'  1888;  And   by  LMiitroe  (*Brala/  IBOO,  pU  (2).  sfid 
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iheir  main  featuri's  t^  justify  tbeir  inctufiion  Speech  more  ofUm 
escapes-  1  have  uiut*  m«"t  with  a  congenital  lisp.  In  some  the  ttjiB* 
ptama  are  slight,  and  have  clev«?lo]M'd  late.  A  difficulty  in  mictuntioo 
may  precede  other  symptoms.  There  are  also  cases,  spor&die  *nd 
grouped,  in  which  coarse  tremor  is  conspicuous,  and  the  cottdiitoii 
might  be  regarded  as  one  of  simple  tremor,  were  it  not  for  the  {ire^enos 
or  development  of  other  symptoms  For  inslamv.  one  maJi  bad 
clipping  speech  ♦'  ail  his  life ; "  Ijctween  forty  and  fifty  difficulty  in 
writing  t*am@  on.  owing  to  a  peculiar  spasmodic  tremor  in  both  anxui» 
brought  on  also  in  the  legs  by  exertion;  at  Efty  muvteaditseas  on 
n-alidng  was  added.  There  was  a  history  of  a  aimilar  aifection  in 
several  relatives. 

The  rate  of  progress  of  the  malady  varies  much,  cren  in  diffen?nl 
nii'iuUers  of  the  same  family.  OnCi  in  whom  the  disease  canuuejioed 
la^t.  may  be  unable  to  walk,  while  another  who  suffered  sooner  may 
be  still  m  the  early  stage  of  the  disease.  Now  and  then  the  disoasfi  if 
stationary  for  many  years.  The  duration  of  the  malady  is  oorre- 
spondingly  variable.  It  is  always  l^m^^;  even  more  than  thirty  years, 
and  in  many  iustanced  it  has  not  apparently  shortened  life.  On 
the  other  hand,  death  may  occur  at  the  end  of  ten  or  twelve  vfars. 
Ihe  end  has  geiiei'ally  come  from  intercurrent  affections,  rarely  from 
exhaustion.     Acute  myelitis  has  also  caused  death  (Everett  Smith). 

A  few  years  ago,  from  a  consideration  of  the  results  of  his  own 
olj>ervalj*>n8  and  those  of  others.  Marie*  concluded  that  thcro  exist*  a 
type  of  disease  in  many  points  resembling  Friedreich*!*  ataxy,  but 
differing  in  several  important  particulars  This  he  called  ha-rditary 
cerebellar  cUaxy,  and  he  regarded  the  symptoms  as  the  result  of  some 
congenital  defect  in  the  cerebiiUum  In  the  ataxy,  the  articulatory 
difficulty,  the  frequent  presence  of  nystagmus,  and  the  fact  that  the 
diseas*^  might  occur  in  more  than  one  member  of  the  same  family*  tiia 
condition  closely  resembird  Friedreich's  disease,  but  striking  diiEereneei 
were  manifested  in  the  itc^asional  presence  of  the  Argyll  Robertson 
pupil,  Ihe  not  unusual  occurrence  of  optic  atrophy,  and  the  invariable 
exaggeration  of  the  knee-jerk.  The  onset  of  symptoms  also  was 
ustially  much  later  in  this  disease.  The  remarkable  series  of  cases 
described  by  I)r.  Sanger  Browuf  probably  belong  to  this  class.  Tbej 
are  characterised  by  the  occurrence  of  a  similar  condition  in  many 
members  of  the  same  family  throughout  several  generations,  ri« 
gradually  increasing'  weakness  and  incu-ordlnat ion  in  the  legs,  with 
marked  tremors  in  tht?  head  and  body,  impaired  articulation,  exag- 
gerated knee-jerk,  occasional  ankle-clonus,  and  frequently  optic  atrophy. 
There  was  no  nystagmus  and  no  deformity,  Nonne  and  Menzel  hare 
also  described  similar  conditions,  but  in  Nonne's  cases  the  ocuJai 
movemcnta  were  impaired,  and  there  was  mental  weaksfiM.     Qm»I 

•  '  U  Semaiae  Medteale,'  1809. 

t  *  Rmin.*  1892.  Summer, 

X  '  St   Iturc't  Uocp.  ItepV  voL  ur. 
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T&Jth,*  and  others  kave  alio  described  a  family  diaease  cliaracterised 
hj  aymptoms  of  apastic  paraplegia  (kleral  scleroais) . 

Pathological  Ak atomy.— The  lesion  m  bereditarj  ata:fy  is  tliat 
of  ataxic  paraplegia  and  of  tabes  combined.  Thnre  18 
degeneration  in  tbe  kterai  column,  often  also  in  the 
anterior  column,  audi  as  occurs  in  ataxic  paraplegia 
but  the  aclerosis  of  the  posterior  column  is  more 
intense  than  in  that  disease,  and  it  ib  also  more  ei- 
tensive,  espeeialij  in  tie  lumbar  region  It  is  sinu- 
lar  to  tiie  degeneration  uf  tabes,  and  agrees  with  this 
al8o  in  that  the  postt^-ior  nerre-roota  are  usually 
ailected,  whereas  m  ataxic  paraplegi*  thej  almost 
iuvariablv  escape. 

The  diatributiou  of  the  lesions  ahowa  a  oloae  cor- 
respondence m  dififerent  cases,  as  will  be  seen  by  a 
comparison  of  the  figures  here  given,  which  are  from 
three  different  cases  of  the  disease.     The  sclerosis 


FiO.  140.— Hereditary  alasy  ;  -Bivtion  rf  spinal  curd 
at  fiiBt  lurnb&r  segment.  Sirli'roaU of  the  whole  of 
the  pMterior  ealumnH  except  li  narrow  zone  ndja- 
eent  to  the  npck  of  the  horn.  Defeneration  aUo 
of  the  lafcentl  pyra-niilal  traotfl,  luid,  in  front  of 
thi»,  ilight  degeneration  iti  the  superlleial  layer  of 
the  iHterul  c-ohimn.  Adjacent  to  the  iinteHor 
TOedian  flsiaur©  there  ii  aUo  n  aone  of  icleroaig  of 
the  antcrtor  pyramithil  tmct.  which  exteuiia,  la 
thiA  corI,  into  the  lamVmtr  region.f 


¥19.  141,— Hereilj- 
tary  ataxy;  dis- 
tributinti  of  de- 
getiertition  in  the 
white  colnmns. 
iiidicntod,  by  the 
dotted  «hMdiiic:. 
(After  Fried- 
reich.) 


•  *St.  B-rt/«  Hop.  R«p,/  voL  xsvii. 

t  I  am  indchted  for  tliis  section  tn  Dr.  Everett  Smith,  who  bss  puhtisbetl  thet.ii»e 
\n  tile  *  llr>*ton  Med.  and  Bur(2^.  JuurnMl,*  Oct,  15th.  18S5«  The  {iati«>nt  ■*n»  one  o!  tliree 
ttTHters  ftffcctefl  wiih  the  difleaae,  the  brotben  being  healthj,  Tbe  falher  suffered 
frotn  ataxiti  puraple^ia  hite  in  life.  In  the  cs«e  from  which  the  dmu  in|?  it  niade 
the  inro -ordination  be^an  in  the  tegs  at  the  age  of  nineteen,  ami  in  tlio  arina  looii 
aft^TMitrilsi,  and  wai  qniekly  followed  by  inss  nf  power,  whieh  gradnally  increased 
to  ^1m^^»^t  universal  pamlyni^  witb  mn'euhireontTactnrcM  (talipes  eqn.in<.-varna,  ifcc,) 
and  ennnidemhle  loi^i*  of  Benaation.  '1  ber>'  were  nyvtagmua, afTeetion  uf  articuhition, 
and  ootne  mental  du3tie»i»     Death  ocenrred  at  thei  aj^e  of  foitj. 


526 


SPINAL   COBD. 


HO.  lia.— ll*Tu»lHi*r^   iiujiy.     A,  eer«S4*tl ;    B, 

dornitJ ;    C.  Iiiinlnir  regiofii  of  ti>e  rord.    The 
p<)*tfiirior  coluiuiis  aru  ftcsldrosad  in  their  whole 
ez«Mit,  ficfpt  in  the  yicinit)  of  the  npck  of 
the  honi  in  the  cervical  and  lomhnr  ng^inns 
the  di^sufirftlioR  biMiig;  rather  lets  iiitnie  tn 
the  lambur  than  in  the  other  parts.     In  the 
mi tero-1  literal  i-oltimns  thtre  is  an  HnnaUr  zoue 
of  ncleroflis  in  the  periphery  of  the  oord,  wideti- 
inic  ill  the  region  of  the  pyramidal  tmct.     In 
front  of  this  tmct  the  BOne  ]•  widfint 
d«rrMkl    region,  and    triflioip  )D  degree  iit 
Imnhar.      The    grey    matter    la    but    IjU 
MiTected,* 

*   Por  the  Mi'tion*  froiri  which  the  dra 
(%\[to  prnpHrfid  them)  and  the  bit*  l>r 
a<i>*t  UcMpitiil.     The  emm  (foil  detaila 
lUe'Oay't  tlo»|)itMl  ttcpurt* ')  ia  one 


of  the  po«t«rior  eolumai 
ma  J  be  complete  througli* 
out  the  conl«  with  ihn  as- 
caption  of  a  nitrrow  ImuuI 
uevr  Hie  naok  of  tha  oortiti, 
which  alwaTB  roaiAms  boi 
little  datiuL{*vyl.  In  the 
lumbar  rc<>ion  it  is  usitJiiljF 
inteuae  up  to  the  bead  of 
the  horn  luid  the  |>oitariot 
surface  of  the  cord  ;  ooo^ 
ftionallj,  howeFer,  it  is  lomo 
what  less  inteiiae  in  this  r^- 
gion  than  it  is  higher  up. 
ext^Miding,  zieTerthel6ai»  ililD 
the  root -zone.  In  the  oer- 
Tica.]  region  the  aclevons 
may  also  be  gt^neral,  or  it 
may  be  greatest  in  the  root- 
zono  and  in  the  fvosterior 
mwlian  columns.  The  oer- 
▼ical  root- zone  never  as- 
capes*  as  it  often  doet  in 
tabes. 

The  degeneration  of  tbr 
lateral  columns  always  ia- 
Tolvea  the  pyramidal  tracta. 
and  is  most  intense  in  their 
poi^itiou.  It  is  not,  how* 
'iver,  limited   to  tlieai       it 

usually  extetods  on' '^  to 

the  periphery  of  t. 

even  where  the  p/jaxoMU 
tract  does  not 
surfaoa*  thus  ini 
dirwt  ccr  '    " 
it  also  4l'' 
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t}w  inner  p&rt  of  the  anterior  column  there  maj  be  a  distinct  ai-ea 
of  degerit'iution  in  the  position  of  tlie  anterior  p^ratnidaJ  tract.  This 
is  eeeu  m  Fig.  14•C^  in  which  tM^  tvaet  extends  uaiisually  low  in  the 
cord,  and  is  distmctl^y 

degenerated      in      the  ^^^B&SSBXJMSSSMHk^         A 

upper  part  of  the 
lumbar  enlarj^t^ment 
Atrophy  of  the  poste- 
nor  vesicular  colmnn 
has  been  found  ii.  x)- 
ciat^  with  that  of  the 
direct  cerebellar  tract- 
Blight  abnormal  ap. 
pearanoes  hare  Ixxn 
•een  in  the  Qerre-cellB 
of  tlie  anterior  cornua 
in  Mome  cascn,  but  as  a 
rule  these  an?  normal, 
and  the  grey  matter 
preeenU  no  other  dis- 
«a«e.  It  is  Tery  likely, 
lnowerer,  that  future 
obtenrationa  will  reveal 
the  occurrence  of 
changes  in  the  uerre- 
cella  of  the  posterior 
horns,  such  aa  are  noet 
with  in  tabi'S, 

The  pia  mater  orer  the  posterior  columns  haa  been  found  thickened. 
The  pottorior  nerre-routft  usually  present  some  degeneration  of  their 
fibrei;  this  miiy  lie  (jariml  (Fig.  143,  b),  or  may  amount  to  total 
deatruction  of  the  fibres  (as  at  o).  The  peripheral  nei^ves  in  the 
limb«  have  bL*eii  found  normal.* 

Some  f^'eneral  shrinking  and  induration  of  the  pons  and  medulla 
were  found  by  Friedreich,  with  atrophy  of  the  cells  of  the  post- 
pyramidal  nucleus  and  some  degeneration  of  the  restiform  bodiee.  but 
none  of  the  anterior  pyramids.  Corpora  aniylacea  were  present  in 
the  hypoglosital  nerves. 

Atrophy  of  the  cerebellum,  pons,  and  olivary  bodki  wa«  found  in  one 
ease ;  the  cells  of  Furkinje  were  diminished  in  numbers,  but  showed 
no  ngn  of  atrophy  or  degeneration.f  There  was  also  degeneration  of 
the  hypoglossal  and  facial  nuclei. 

This  defective  cerebellar  development  is  the  condition  supposed  to 

ilti«r|  wuk'ti  1  rvportal  mids  jean  b^d  to  ihs  ClinicMl  Sodety  (*  Clio,  SoSi  Tiasa/ 
vol.  xiv,  ISttl.p.  1). 

•  Fricdrricli,  •  Vjrcbow'*  Ardiir,*  Hd.  lx*»  \>.  145. 

t  IK  2d«ui4^1,  *  ArcU,  t  l\vtih./  Bd.  sill,  fl,  1.  ]i.  tea 


Fio.  143.--Her^itar>'fttaxjr:  degener^tiooof  p4Mie- 
rior  nerre«root« (from  the  •Mine  cam  m  Vlg,  142),  A, 
Moruml  iiiil«riorroot»forcoro|iarifloD.  B,po«i«Tinr 
root,  purtislly  deffencr»t«d  ;  n.  few  normsl  nenrc^- 
flbrw  are  seen^bni  nvnttof  thetp&^^M  wbirVi  •hould 
contain  nerve- lUin**  sre  empty,  C,  posterior  root, 
ttitnUy  drgviieriitijil,  probably  by  ft  more  acute  pro- 
ce&«  thnii  that  ot  B,  iinc«  there  i*  aome  destruction 
of  tbe  sfpl*  And  incre««<*  of  »ni"rpbom  connective 
tins  lie.  Tbe  product*  of  d(>gt>uemtion  are  rrndere'l 
invifiihU  by  the  mode  of  pr0p*ratioii.  (Compare  C 
vricli  the  aiuiilar  (>)iaii;£e«  in  a  totally  denrtrntriitrd 
peripheral  nervo  ibowrn  tn  ¥\g.  59  B»  p.  16  6.) 
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underlie  the  mamfeataiions  of  the  condition  already  alluded  to  at  the 
hereditary  cerebellar  ataxy  of  Marie.  In  another  ca«e  *  the  anatomical 
condition  revealed  the  absence  of  cord  degeneration,  but  the  oere- 
bellum  was  small,  and  the  cells  of  Purkiuje  deficient.  In  the  only 
one  of  Sanger  Brovm's  exaniiiiet],  however,  there  were  sclerotic  changfC 
in  the  lat.er^il  and  post^erior  columns,  but  no  marked  oerobell^r  chaAg^s 
wen'  present,  although  the  cells  of  Purkiuje  are  said  not  to  haTB  been 
over- abundant.  A  case,  similar  in  clinical  conditions,  wa«  many  yean 
ago  described  by  Fraser  tmd  Coats  of  Glasgow,  and  in  thi«  nUo  tbrtn* 
was  no  cord  change,  but  marked  atrophy  of  the  cerebellum,  and  a  de- 
fective development  of  the  oella  of  Purkiuje.  It  is  of  some  interest 
that  a  condition  has  been  described  in  eats  congenitally  ataxic,  m 
which  the  cerebellum  is  smalli  and  Furkinje's  cells  absent,  or  defective 
in  charat^ler  and  number. 

Patholoot,— The  disease  appaienlTy  occupies  a  clinical  and  patho- 
logical position  Wtween  the  combined  Hclerosts  described  aa  ataJiMS 
paraplegia  aud  >imple  tabes,  resembling  the  former  in  the  iMlBlliHTfi 
affection  of  the  lateral  and  posterior  columns,  and  the  consequent 
weakness  witb  ataxy — reaeinbEng  it  also  in  the  iraperf«>ct  limitation  of 
the  changes,  and  in  the  intensity  of  those  in  the  middle  of  the  p*>»» 
terior  columns  in  the  dorsal  region ;  but  it  differs  from  this,  and 
resembles  tabes,  in  the  degree  of  affection  of  the  posterior  columns 
in  the  lumbar  regions,  the  extension  in  slight  degree  mto  the  root- 
zones,  and  the  affection  of  the  posterior  roots  :  with  these  the  loss  of 
the  knee-jerk  and  the  affet-tion  of  sensation  are  apparently  oonnect4*d. 
The  isolated  eases,  occasionally  met  with,  present  the  same  combina- 
tion  of  spinal  symptoms.  The  precise  origin  of  the  affection  of 
articulation  and  of  the  nystagmus  has  not  yet  been  traced. 

The  age  at  which  the  disease  commeuoes,  long  before  the  period 
at  which  ordinary  degenerations  occur,  and  its  family  groupings 
suggest  that  its  ultimate  cause  is  a  congenital  tendency  of  develop- 
ment, by  which  the  affected  elements  have  a  briefer  jieriod  of  vital 
endurance  than  the  other  tissues  of  the  organism.  Miibius  haa 
suggested  that  there  is  an  actual  arrest  of  development  of  these 
etruotures,  but  it  is  evident  that  their  development  suffices  for  perfect 
function  during  the  e^ly  part  of  life,  and  that  their  funotumal 
capacity  undergoes  subsequent  failure,  which  can  only  be  doe  to  a 
process  of  structural  change.  It  is  possible  that  wo  have  here,  again, 
a  double  morbid  process,  and  that  a  tendency  to  early  degeneration  in 
the  nerve-elements  is  associated  with  a  converse  tendency  to  ovtfr* 
growth  of  the  interstitial  tissue,  analogous  to  that  which  we  havt^  in 
the  niuadea  in  pseudo-hypertrophic  paralysis  (q.  v.).  In  this  con- 
nection  it  is  important  to  note  that  in  one  case  the  neuroglial  over- 
growth suggested  a  pm-e  increase  of  the  normal  tissue,  rathrr  than  a 
result  of  intlammation ;  and  the  peripheral  sensory  nervee,  although 

•  •  Nonn^,  'Arch.  f.  ftjdi./  «ii,  1891. 
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not  degenerated,  contained  &  considerable  number  of  embryonal  nerye- 
fibres  in  the  faedculi.*  Dejerine  would  regard  the  neuroglial  increase 
as  the  8ole  element  in  the  morbid  prooesa ;  but  the  fact  last  mentioned, 
as  well  as  the  preponderant  affection  of  certain  tracts,  makes  it 
improbable  that  this  excluaive  Tiew  is  correct. 

Although  we  have  here  only  to  consider  hereditary  cerebellar  ataxy 
and  similar  conditions,  in  relation  to  IViedreich'a  ataxy,  it  may  be 
stated  thai  in  this  disease  also  we  probably  have  to  deal  with  a 
developmejital  defect  or  perversion,  as  has  been  indicated  in  con- 
sidering the  morbid  anatomy.  And  the  same  may  be  said  of  the 
family  form  of  spastic  paralysis*  It  might  already  sec  i  as  if  we  had 
a  series  to  deal  with,  with  Friedreich's  ataxy  at  one  end  and  family 
spastic  paralysis  at  the  other,  the  intermediate  apace  being  occupied  by 
cases  like  those  of  Sanger  Brown,  in  which  spasticity  and  ata-iy  are 
combined,  and  in  which  the  nnderlying  anatomical  condition  as  regards 
the  cord  is  one  of  sclerosis  affecting  lateral  and  posterior  tracts  fairly 
equally,  while  in  Friedreich's  disease  we  have  to  deal  with  a  condition 
in  which  the  posterior  colunms  suffer  most,  and  in  family  spastic  pa^u- 
lysis  with  one  in  which  the  lateral  columns  may  be  exclusively  affected. 

]>LiON08is. — In  most  cases  the  inco-ordination  is  sufficiently  pie- 
dominant  to  suggest  that  the  disease  is  &  form  of  ataxy,  and  the 
onsteadinesa  of  the  head,  the  Etffection  of  articulation,  the  nystagmus, 
and  the  age  at  onset,  suffice  for  the  distinction  from  ordinary  tabes. 
The  common  form  of  ataxic  paraplegia  bears  a  close  resomblance  to 
this  disease,  a  resemblance  that  is  more  than  superficial,  although  the 
excessive  knee-jert  and  foot- clonus,  almost  always  present  in  ataxic 
paraplegia,  are  usually  absent  in  hereditary  ataxy ;  much  spasm  is 
always  absent,  and  nystagmus  is  common.  The  difference  in  the  state 
of  myotatic  irritability  is,  as  we  have  seen,  not  absolute;  cases  of 
combined  lateral  and  posterior  sclerosis  occur,  of  tabetic  type,  in 
which  the  knee-jerk  ia  lost,  and  in  at  least  one  case  of  hereditary 
ataxy  the  knee-jerk  haa  been  excessive.  The  age  of  onset  and  family 
multiplicity  may  decide  the  question,  but  the  isolated  cases,  which 
are  by  no  means  rare,  commencing  soon  after  puberty,  are  not  dis- 
tinguishable from  the  hereditaiy  disease ;  they  seem  to  be  analogous 
to  the  isolated  cases  of  pseudo-hypertrophic  paralysis.  A  greater  diffi- 
culty ia  presented  by  cases  of  slight  tabes  in  children,  the  subjects  of 
inherited  syphilis,  in  whom  it  is  not  uncommon  for  some  weakness  of 
the  legs  to  co-exist,  or  speech  to  be  disordered,  in  consequence  of  some 
early  lesion  of  the  brain.  The  loss  of  the  iris-reflex  should  suggest 
inherited  syphilis,  and  other  indicationB  of  this  will  often  decide  the 
nature  of  the  case. 

Disseminated   sclerosis   presents  inco-ordination,   nystagmus,  and 

impaired  articulation,  but  the  ataxy  of  the  arms  differs  in  the  wide 

range  and  violent  character  of  the  disordering  jerks  which  characterise 

this  disease ;  while  simple  unsteadiness  of  the  legs  is  Yerj  rare,  and 

*  Angelic r» '  La  &emiuti«  Hed.,*  1890,  No,  32. 
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the  course  of  tlie  malady  is  more  rapid.  The  aftection  of  ipeecb 
diff»^r8  from  that  of  hereditary  ataxy  in  being  simply  "  staccato/'  with 
midiie  separation  of  Byllablf^s,  in  the  marked  caseB.  In  many  in- 
stances, however,  the  articulatory  dt^fect  is  simihir  in  the  two  dia- 
easea.     The  caaes  are  always  iaolated. 

Cerebellar  tumour  and  hereditary  ataxy  can  hardly  be  confounded, 
in  spite  of  the  fact  that  the  unsteadiness  in  walking  is  very  Gimilar  in 
the  two  diseases;  the  common  affection  of  the  arms  in  the  one,  and 
the  conspicuous  head  symptoms  (severe  pain,  optic  neuritis,  &c.)  of 
the  other,  sufficiently  distinguish  them.  It  is  very  common  for  the 
tremor  of  the  bead  to  be  at  first  ascribed  to  mere  **  nervousness,"  and 
also  for  the  isolated  form,  in  girls,  to  be  regarded  as  hysterical.  The 
presence  of  nystagmus  should  at  once  decide  the  question;  it  ib 
absolute  proof  of  definite  disease, 

PaoGNoais. — The  prognosis  in  every  case  is  very  serious,  since  the 
disease,  being  a  developmental  affection,  is  essentially  progressive;  but 
life  may  be  prolonged  for  many  years,  and  in  slight  eases  the  malady 
may  interfere  comparatively  little  with  thepatient*8  occupation.  Thus 
I  have  known  a  man,  with  very  marked  symptoms,  follow  his  business 
as  a  tradesman  iur  many  years.  The  only  guide  to  individual  prognosis 
is  the  observed  rate  of  progress,  which  has  little  relation  to  the  age  at 
which  the  symptoms  commence. 

Tebatmekt. — ^As  in  other  diseases  that  depend  on  a  congenital 
tendency,  treatment  is  almost  powerless.  The  measures  recommended 
for  ordinary  locomotor  ataiy  (apart  from  those  suggearted  by  the 
special  symj^jtoms  of  tabes)  are  those  moat  suitable  to  the  hereditary 
form.  Arsenic,  phosphorus,  and  nitrate  of  silver  deserve  a  trial ;  now 
and  then  they  seem  to  check  the  progress  of  the  disease  for  a  longt*r 
or  shorter  time,  but  its  individual  tendency  determines  its  course, 
almost  irrespective  of  treatment* 


SIMPLE    SENn.E   PARAPLEGIA. 

This  name  seems  the  most  unobjectionable  for  a  condition,  some- 
what rare,  which  appears  hitherto  to  have  been  unrecognised.*  It  is 
confined  to  late  life.  occuiTing  in  those  over  40,  and  especially  over  50. 
Its  characteristic  is  simple  weakness  of  the  legs,  with  some  slowness  o^ 
movement,  but  without  wasting,  sensory  disturbance,  or  reflex  altera- 
tion. The  knee-jerk  is  normal,  and  there  is  no  foot-clonus.  The 
malady  develops  very  gradually  and  is  slowly  progressive,  although  it 
seems  seldom  to  attain  such  a  degree  as  to  prevent  standing.  Tlie 
condition  of  the  legs  resembles  that  in  cases  of  paralysis  agitans  with- 
out tremor,  in  which  the  malady  is  manifested  only  by  weakness^  and 
•  A  note  upon  it  by  iu^mjII  iipijeitrtd  in  the  '  CeutrnlbL  f.  Nervenkr.,'  1^00. 
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stiff  dlowness  of  moTement  of  tlie  limbs,  face,  and  trunk.  Cases  are 
met  wiih  in  whicli  the  condition  of  tlie  h^a  above  described  is  asso- 
ciated with  slight  dTmpioms  in  the  sunns  and  face,  such  aa  characterise 
these  oasefl  of  paralysis  agitans.  Thus  senile  paraplegia  is  probablj  a 
partial  development  of  the  morbid  process  of  that  disease ;  instead  of 
being  general,  it  is  limited  to  the  structures  for  the  legs.  If,  as  the 
condition  seems  to  BU^'gest»  paralysis  agitans  depends  on  peculiar 
changes  in  the  nutrition  and  function  of  the  motor  cells  of  the  cortex 
cerebri  (wliich  impair  the  power  and  alter  th«,*  action  of  the  cells,  but 
do  not  usually  go  on  to  sudi  destructive  alteration  as  entails  secondary 
d< 'generation  of  the  pyramidal  fibres),  we  can  readity  conceive  that 
such  a  process  may  be  sometimes  limited  to  the  leg-centres,  and  may 
cause  the  symptonis.  K  so,  the  malady  is  a  cerebral  and  not  a  spinal 
one,  but  it  is  mentioned  here  on  account  of  its  paraplegic  features, 
and  their  resemblance  to  those  of  disease  of  the  spinal  cord.  Degene- 
rative changes  may;  however,  be  various  in  kind  and  degree,  especially 
in  late  life ;  cases  occiir;  similar  to  these,  but  with  myotatic  excess  con- 
necling  them  with  the  destructive  changes  of  lateral  sclerosis,  while 
others  present  such  symptoms  aa  nystagmus  or  impeded  articulation — 
evidence  that  the  altered  nutrition  is  wider  in  its  range. 


CHROmO    SPINAL   MUSCULAR  ATROPHY. 

{PBOOSB88I7E    MXTBOULAB    ATBOFHY;    WXS1UXQ   FiLLWY ;    AHT0TBDFHIO 
LiLTEKAL   fiCLXBOSXS;    0HE03fI0   FOUO^MYELITIB). 

The  disease  which  has  long  been  known  by  the  names  '*  progresaiTe 
muscular  atrophy"  and  "wasting  palsy"  is  characterised  by  alow 
wasting  of  the  muscles,  beginning  in  some  one  part,  and  usually 
spreading  and  increasing  until  it  is  wide  in  extent  and  extreme  in 
degree.  The  changes  in  the  muscles  depend  on  changes  in  the  spinal 
cord,  a  slow  degeneration  of  the  gai^glion^cells  of  the  anterior  comua, 
accompanied  by  a  similar  degeneration  in  the  motor  nerve-fibres  which 
spring  from  the  cells*  With  this  degeneration  of  the  cells  and  peri- 
pheral fibres  there  is  usually  also  associated  a  degeneiution  of  the 
pyramidal  tracts  in  the  cord,  sometimes,  at  least,  to  be  traced  up  to 
the  motor  cortex  of  the  brain.  According  to  current  views,  there  is  a 
decay  of  the  spina!  motor  neuron,  and  often  also  of  the  upper  neuron » 
which  has  its  nutritional  centre  in  the  cells  of  the  motor  cortex. 

Chronic  muscular  atrophy  was  separated  from  primary  paralysis  by 
Sir  Charles  Bell,  and  was  afterwards  described  more  fuUy  by  Aran  • 

*  Arftu,  '*Et!cberobefl,  Sm.,  lur  Par&tjf«ie  Muiciilairfl  Atro|ititquep"  *  Arch,  gto.  d« 
M«d.;  1860. 
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fwy  gradation  to  subacute  polio-myelitis  in  one  direction,  and  per- 
bai)8  also  to  polyneuritis  in  another.  Attempts  are  being  made  to 
classifj  these,  but  types  may  be  multiplied  indefinitely  from  the  inter- 
mediate forms,  and  many  more  pathological  and  clinical  observations 
are  necessary  before  a  usefiil  classification  of  the  cases  can  be  made. 
In  the  following  description  the  common  forms  are  chiefly  considered. 

Caubbs.— The  disease  is  more  frequent  in  males  than  in  females,  the 
proportion  being  about  three  to  one.  It  is  chiefly  a  disease  of  adult 
life,  commencing  usually  between  twenty-five  and  forty-five.  I  Uave 
known  it  to  begin  at  fourteen,  and  as  late  as  severity,  and  a  case  is 
recorded  in  whirh  it  began  at  twelve ;  •  there  was  wasting  and  rigidity 
in  tlie  limbs,  tongue,  lips,  and  lower  face.  But  most  cases  of  muscu- 
lar atrophy  in  ejirly  life  are  myopathic,  and  not  spinaL  Heredity  is  to 
be  traced  only  in  less  than  half  the  cases,  and  generally  as  an  indirect 
neuropaihic  disposition.  Barely  there  is  direct  inheritance  of  the 
disease.  Among  instances  that  I  have  met  with  are  a  lady  whose 
mother  died  from  a  similar  atropby,  and  another  case  (from  which 
Fig.  146  is  taken)  in  which  a  brother  had  died  from  some  dironic  disease 
of  the  cord,  attended  with  wasting ;  but  three  cases  with  bulbar  sym- 
ptoms have  been  recorded,  two  of  whom  were  cousins,  the  children  of  two 
listers :  the  third,  who  had  had  syphilis,  was  a  cousin,  but  his  affection 
was  untypical.f  Direct  inheritance  seems  to  be  most  common  in  cases 
that  occur  late  in  life.  When  many  members  of  a  family  Buffer  from 
muscular  atrophy,  the  malady  is  nearly  always  myopathic  and  not 
spinal.  The  affection  occurs  in  all  classes  of  society,  and  it  is  doubt* 
ful  whether  workers  with  the  muscles  furnish  a  larger  proportion  of 
the  cases  than  can  be  accounted  for  by  their  greater  exposure  to  certain 
exciting  causes. 

Of  these  more  direct  causes  one  of  the  most  frequent  is  mental 
distress  and  anxiety,  and  this  is  especially  met  with  in  females  and  in 
late  life.  A  severe  fright  has  been  thought  to  excite  it.  Another 
cause  is  exposure  tc  wet  cold«  which  is  also  &  cause  of  many  other 
chronic  spinal  diseases.  Sometimes  the  exposure  has  been  habitual ; 
sometimes  a  single  exposure  has  been  effective,  and  some  neuralgic 
pains,  indicative  of  the  deleterious  influence  on  the  nervous  system, 
have  followed  the  exposure  and  connected  it  with  the  later  wasting. 
The  pain  has  been  either  in  the  part  afterwards  wasted,  or  in  some 
other,  more  common,  seat  of  neuralgia.  Thus  one  patient,  after 
remaining  in  wet  clothes  for  twelve  hours,  suffered  for  six  weeks  from 
severe  neuralgia  in  the  left  side  of  the  face,  and  then  the  muscles  of 
the  Left  shoulder  began  to  waste.  Although  excessive  use  of  individual 
muscles  maj  cause  them  to  waste,  it  is  doubtful  whether  this  influence 
produces  general  muscular  atrophy.  Injury  to  the  cord,  such  as  results 
from  concussion  of  the  spine,  is  a  rare  cause.  It  more  often  produces 
disseminated  myelitis,  which  may  be  manifested  by  muscular  wasting 

•  H.  BlomenthiiU  "  liwug,  Diw.,"  •  Keor*  CcnC  1884.  p.  87». 
t  •  Viraiow'i  ArchiV  188i*.  p,  U6. 
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combined  witb  other  Bymptoms.  In  a  few  instances  I  haT«  loMMrD 
progressive  atrophy^  of  typical  characters,  to  sIottIj  follow  a  coof a«- 
eion,  as  if  this  had  set  up  a  perversion  of  the  nutrition  of  the  Mrre- 
elements.  Still  more  rarely  a  fall,  injuring  one  hmb,  has  boeo 
followed  by  muscular  atrophy  commencing  in  this  Umb  and  beooiiili|p 
general.  Thus  a  woman  fell  downstairs,  and  pitched  on  her  left  baad 
und  wrist ;  she  had  pain  in  the  arm  for  a  long  time ;  two  years  after 
the  fall  this  arm  began  to  waste,  and  the  atrophy  ultimately  becatne 
general  The  relation  might  be  passed  as  an  accidental  coinctdeooe« 
were  it  not  that  in  other  central  diseases— even,  for  instance,  in  para* 
lysis  agitans — the  symptoms  may  commence  in  an  injured  limlx  In 
rare  cases,  the  disease  develops,  during  adult  life,  in  a  subject  of  old 
infantile  palsy  (polio- myelitis),  and  may  start  from  the  mast  affected 
part  (see  p.  409). 

The  disease  sometimes  succeeds  syphilis,  and  no  other  eauae  may 
be  traceable.  As  with  other  degenerative  diseases,  an  interral  of 
years  elapses  between  the  primary  disease  and  its  nervous  ae^eL 
The  cases  that  I  have  seen  after  svphilia  have  been  typical  in  ccmrae* 
and  evidently  degenerative  in  nature.  That  syj ihiKs  hat  aame  tlmre 
in  th^  causation  of  these  cases  is  probable  from  its  relation  to  other 
diseases*  such  as  tabes;  but  it  is  noteworthy  that  in  one  caae  the 
wasting  commenced  during,  and  in  another  dbeetly  after,  an  en^rgvtio 
mercurial  coarse.  This  relation  is  intelligible  if  the  disease  is  due  to 
a  toiine,  a  result  of  syphilis,  and  not  to  the  organisms  themselves  (tee 
Tabes).  Occasionally  syphilis  and  a  neurotic  heredity  can  both  be 
traced.  In  the  cases  in  which  atrophy  has  followed  an  acute  9peeifio 
diflease,  especially  measles,  and  has  hegxai  in  early  life,  it  it  proh.vUle 
that  the  malady  is  a  chronic  neuritis  and  not  the  central  afl^etion  wjw 
under  consideration.  Such  casos  are  known  at  of  the  "peroneal 
type  "  or  "  neuritic  form  of  muscular  atrophy,"  from  the  mtiseles  in 
which  wasting  in  general  is  first  obtrusive,  and  are  separately  d^ 
scribed  at  a  later  page.  General  muscular  atrophy  may  resuH  fn^m 
lead  poisoning,  but  this  form  is  not,  as  a  rule,  progressive  in  eharaeter 
when  its  cause  has  ceased  t^  act.  It  resembles  the  ordinary  fertn  of 
progressive  muscular  atrophy,  however,  in  seat  and  features,  and  thua 
differs  from  the  common  atrophic  palsy  of  the  extensors  that  it  pro* 
duced  by  lead.  In  many  cases  of  progressive  muscular  atrophy  no  et^xim 
for  the  disease  can  be  traced.  When  obtrusive  symptoms  have  followed 
tome  adequate  cause,  it  is  not  uncommon  for  this  to  have  been  pre* 
ceded  by  slight  sympt^oms,  which  show  that  the  malady  already  exiated. 
A  careful  inquiry  for  such  symptoms  should  never  be  neglected. 

Symptoms, — ^The  definite  symptoms  of  the  disease  are  occfl«i<maIly 
prMded  by  dull  aching  in  the  (►art  afterwards  wasted.  Somethnea 
tlmni  is  such  pain  in  the  spine  or  elsewhere,  especially,  as  alrea4ly 
•tated,  in  the  cases  that  are  due  to  ex])Osure  to  cold.  Barely  tome 
sensation  other  thnn  pain  precedes  the  h)cj  1  symptoms.  Thus  in  one 
case  a  sense  of  coldness  preceded  the  atrophy  in  each  limb  that  was 
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attacked*  Weakneifl  and  wasting  ufiiiallj  come  on  togetW,  bnt  either 
maj  first  attract  the  attention  of  the  patient.  In  the  alioulder  and 
baek  the  loaa  of  power  is  usually  first  noticed,  and  in  such  coyered 
parts  the  wasting  may  become  considerable  before  it  is  observed.  In 
the  hand  the  wasting  is  of  ton  first  noticed,  but  sometimea  it  ia  the 
impairment  of  some  delicate  action,  such  as  writings  that  draws  atten- 
tion to  the  part.  The  afTocted  muscles  lose  their  proper  shape,  and 
there  is  flatten ing^  or  even  a  depression,  where  there  should  be  a 
prominence.  If  a  patient  is  fat,  however,  the  wasting  may  cause  at 
first  Tiery  slight  alteration  in  the  external  part,  especially  In  the  lower 
limbs. 

The  disease  commences  in  the  arm  in  nine  tenths  of  the  cases,  and 
as  frequently  in  one  arm  as  in  the  other.  It  begins  with  almost  equal 
frequeu'-y  in  the  hand  and  in  the  shoulder  muscles.  From  the  part 
first  affected  the  disease  spreads  to  other  parts  of  the  game  Umb, 
Before  it  has  attained  a  considerable  degree  in  one  limb,  it  usuaUy 
shows  itself  in  the  corresponding  limb  on  the  other  side;  often  in 
the  muscles  corresponding  to  those  in  which  it  commenced,  sometimes 
to  those  affected  second  in  order  of  time.  As  the  muscles  waste 
paralysis  results  of  Tarious  character  and  degi'ee,  corresponding  to  the 
atrophy.  In  the  hand  the  thenar  muscles  and  interossei  are  usually 
the  first  to  Buffer.  The  thenar  eminence  becomes  flattened,  and  the  base 
of  the  first  metacarpal  bone  becomes  prominent.  Of  the  interossei, 
the  atrophy  of  the  abductor  indicia  is  especially  conspicuous;  the 
normal  prominence  gives  place  to  a  hollow  beside  the  metacarp€d  bone 
when  the  thumb  is  abductod.  Depressions  form  between  the  meta- 
carpsl  bones  on  the  back  of  the  hand*  and  also  between  the  fiexor 
tendons  in  the  palm  in  consequence  of  the  wasting  of  the  lumbricalea^ 
The  forearm  muscles  may  be  next  involved,  the  fiexors  usually  before 
the  extensors ;  and  vdth  the  fiexors  the  supinators  may  suffer,  or  they 
maj  escape  until  the  biceps  is  involved.  Occasionally  the  dis- 
ease begins  in  the  forearm,  and  then  especially  in  the  extensor 
musdes  of  the  fingers,  sometimes  in  those  of  the  tiumb.  especially  of 
its  |)lislanges.  The  several  parts  of  the  long  finger  muscles  may  suffer 
unequally  ;  the  ulnar  extensors  usually  suffer  most.  Of  the  shoulder 
muscles,  the  deltoid  is  generally  the  first  to  manifest  the  disease,  and 
ia  soOM  cases  which  begin  in  the  hand  the  deltoid  suffers  before  the 
forearm  muscles.  The  rounded  contour  of  the  shoulder  becomes 
changed  (,Figs.  7,  144,  145;,  and  the  head  of  the  humerus  can  bo 
Koognised  beneath  the  acromion.  It  is  not  rare  for  part  of  the  del- 
toid to  su^r  and  part  escape ;  we  have  seen  (p.  36)  that  the  several 
portions  bare  different  functions  and  associations,  and  tbis  probably 
i&TolTss  a  relation  to  separate  groups  of  nerve-cells»  The  wasting  of 
the  deltoid  is  soon  followed  by  that  of  the  other  muscles  of  the  upper 
arm  and  of  the  scapula.  The  triceps  usually  suffers  less  and  later 
than  tbe  biceps,  but  sometimes  the  reverts  is  the  case.  Tlic  supra* 
ftud  i&lm-spinati  are  oHeu  Affected  with  the  deltoid.    In  exoeptiooal 
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iuBtances  the  deltoid  or  hand  muscles  escape,  and  there  mi< 
(perhaps  a  8i>ecial  group)   in  which  the  upper  arm  and   shoulder 
muBclea  waste  even  to  an  extreme  degree, 
and  the  forearm  and  hand  muscles  escape 
entirely. 

In  most  cases,  the  wasting  earlj  inyolTes 
the  muscles  of  the  back,  and  it  sometimes 
begins  in  them.  The  middle  and  lower 
parts  of  the  trapezius  usuallv  suffer  first ; 
the  rhomboids  and  erectors  of  the  spine  at 
a  later  date.  The  affection  of  the  trapezius 
is  readily  recognised  if  the  patient  tries  to 
put  the  shoulder  back  (Fie:.  145  K  The  highafit 


Pio.    144.  —  Proprcii*lve 

WA«tirig  of    the   1IIU8- 

cle«  of  the  back  and 
ftrms ;  in  the  foreiinn 
fliearcely  any  muflculiur 
tisa^ue  can  be  r«LN«g« 
DiB^dp  antl  in  the  baud 
all  the  musciilur  ]^ro- 
tniiicncci  imv«  vati- 
hhtiil.  (Drawn  hy  Ur, 
H.  E.  Spencer.) 


Fio.145, — Prop-eo«vemn«cnlara»TO|;»liT, 
Wjft«tiiig  of  rigbt  trap^xins  lompleta 
(tbo  rhomhi»ldaTemiiining),r>f  tlic  left 
Ira]>e7!iu9i  partml.  Oa  each  tide  tb« 
Uf'per  ^.ftrt  of  the  tmpf tio*  if  wiisted, 
and  the  conttiur  oC  tlie  nerk  )■  eor* 
rfspontHnffty  clmn^ed.  Both  di*hoida 
are  »l«f>  Atrophied*  (Dmwn  by  Dr. 
Sp«D€er.) 


part  of  the  trapezius  presents  a  remarkable  indisposition  to  atrophy  ; 
it  often  remains  intact  to  the  List,  and  then  may  contrast  with  the 
wasting  below  it,  standing  out  on  each  side^  like  a  cord  passing  from 
the  occiput  to  the  shoulder.  Hence  Duchenne  termed  this  part 
the  uUimum  morit'ns.  I  have,  however,  seen  several  otherwise  typical 
cases,  (beginning  either  in  the  deltoids  or  in  the  haiula,)  in  which  tlie 
highest  parts  of  the  trapezii  suffered  before  the  middle  parts.  The 
levator  anguli  acapulBe   also  generic] ly  escapes,   even  when   all   tho 
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mnsclefl  about  it  are  wasted.  Tlie  aerratiis,  latissimufl,  and  pectoralis 
major  are  usually  affected  later.  Tliej  may  escape  wholly  or  in  part ; 
isolated  bimdlea  of  the 
pectorn^' >  may  waste,  the 
intervening  parts  eacap- 
iiig,  or  either  the  upper 
or  lower  part  of  the 
muscle  may  atrophy 
alone.  According  to  the 
affection  of  the  muscles 
that  are  attached  to  the 
scapula,  the  position  of 
the  bone  cljanges,  and  it 
becomes  rotated  under 
the  influence  of  the 
muscles  that  are  unaf- 
fected and  imopposed 
(Fig.  7,  p.  35).  The 
muBclea  that  extend   the 


FiQ  14G. — Progre^'sive  mufl^iilnr  fttropliy.  Weak- 
ness nf  tlie  tnnicle*  of  the  neck.  A,  hnUitual 
poatnre  of  t\w  ht-ad,  inclined  bHt-kwanU.  B,  fwai- 
tion  into  wincb  it  l&ILa  if  the  piitient  attcmpu  to 
keep  it  in  tlie  normal  b&lnuce.  (Drawu  by  Dr* 
Speaker.) 

head  on  the  spine  often  suffer  in  con- 
siderable degree,  and  from  this  there  results  a  difficulty  in  the 
carriage  of  the  head  (Fig.  116).  It  is  habitually  iuelitied  hack* 
wards,  so  as  to  balam-o  it  on  the  spine  witb  but  little  musfular 
eiertion ;  if  moved  forwards,  it  falls  so  that  the  chin  touches  the 
chest.  It  can  be  brought  bade  into  its  former  position  only  with  diffi- 
culty ;  the  patient  has  to  incline  the  trunk  backwards,  ao  as  to  bring 
the  head  nearly  into  the  vertical  position,  and  then,  with  a  sudden 
contraction  of  the  sterno-mastoids,  and  a  jerk,  the  head  goes  back  into 
its  former  posture.  The  increased  innervation  of  the  weak  estenaors 
of  the  head  often  causes  a  synergic  over-action  of  the  frontalis  muscles, 
which  are  normally  associated  with  the  extensors  (so  that  the  eye* 
brows  are  raised  when  the  head  is  put  back  to  look  upwards.)  The 
fllan  at  the  back  of  the  neck  lies  in  transverse  folds  when  the  neck  is 
extended.  The  patient  may  be  unable,  when  lying  in  bed,  to  move  the 
head  from  side  to  side.  The  stemo-mastoids  also  are  of  ti^n  wasted ;  either 
the  sternal  or  clavicular  part  may  be  most  affected.  In  striking  con- 
trast to  the  general  wasting  of  the  neck  is  the  condition  of  the  plal ysuia 
myoides,  which  always  escapes,  and  may  become  hypertrophied  in  a 
Tain  attempt  at  compensation. 

The  muscles  of  respiration  suffer  in  the  majority  of  cases,  and  their 
impairment  constitutes  a  grave  source  of  danger  to  life.  The  inter- 
COstaJs  rarely  escape  altctgethcr;  the  diaphnigm  is  involved  in  many 
caws,  and  respiration  is  then  carried  on  by  the  intercoetals  and 
superior  thoracic  muscles.  Oa  the  other  hand,  the  intercostals  may 
suffer  much  and  the  diaphi-agm  remain  free;  respiration  is  then 
purely  abdominal,  and  the  walls  of  the  thorax  may  be  almost  motionless 
in  breathing,  or  there  may  be  merely  a  slight  movement  of  elevation  of 
the  upper  ribi.     The  chest  becomes  flattened  in  front,  and  narrow  from 
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Ixsfore  bacV,  from  tbo  influence  of  atmoaplieric  presatire  <m  tTie  rib«, 
nnopposed  by  the  intercostals.  Either  the  upper  or  lower  inter^stidtf 
may  suffer  roost.  When  the  diaphrag-m  is  paralysed  the  upper  ehiest 
musdeR  often  suffer  more  than  the  lower,  and  a  compensatory  increased 
moTenient  of  the  lower  ribs  carries  forward  the  abdominal  wall,  and 
may  sug^st  that  the  diaphmgm  is  acting  when  it  is  not.  A  car*  ful 
examination  will  always  prevent  the  error.  The  muscles  of  the  abdo- 
minal wall  occasionally  waste,  but  far  lees  frequently  than  thoee  of 
the  thorax. 

Wasting  in  the  legs  is  much  less  common  than  in  the  arms,  and  if 
it  occui's  ia  usually  sligliter  in  degree  ;  but  occasionally  the  diseftse  first 
manifests  itself  in  the  legs,  and  is  more  intense  in  them  than  elsewhere. 
The  glutei,  extensors  of  the  knee,  and  the  muscles  in  the  front  and 
on  the  outer  side  of  the  lower  leg,  are  those  that  are  most  affected. 
We  shall  presently  see,  however,  that  the  legs  ai-e  often  paralysed 
when  they  are  not  wasted,  and  sometimes  they  are  the  seat  of  wasting 
which  differs  in  certain  features  from  that  which  is  the  especial 
characteristic  of  the  disease. 

The  face  almost  always  escapes  the  general  atrophy,  and  its  normal 
appearance  may  present  a  striking  contrast  to  the  rest  of  the  body. 
In  some  cases,  however,  the  lips  are  paralysed  as  part  of  the  bulbar 
palsy  that  so  often  accompanies  the  spinal  disease.  A  remarkable 
case  in  which  the  face  shared  the  atrophy  of  the  limbs,  and  the  tongna 
escftpodi  ha«  been  recorded  by  Langer  ;*  on  tho  other  hand,  the  tongne 
has  been  the  first  part  to  sxiffer,  the  arms  being  affect- id  a  month 
later.f  Bulbar  paralysis,  however,  often  runs  its  course  without 
muscular  wasting  in  the  limbs,  and  when  the  latter  ffupervenee  it  ie 
generally  quite  subsidiary.  The  like  statement  may  be  made  of  the 
converse  relation,  although  it  mu8t  be  remembered  that  the  anterior 
nerve-cells  and  those  of  the  bulbar  nuclei  are  analogous  structures^ 
and  may  be  frimilarly  and  even  simultaneously  affected. 

As  the  wasting  progresses,  the  appearance  of  the  parts  in  which  it 

is  most  advanced  becomes  extremely  changed.     All  trace  of  muscle 

may  disappear  frt»m   parts   of  limbs  or  even  from  an  entirB  limb 

(Fig.  14^*) ;  ^^^  thei-e  is  usually  a  wasting  of  the  adipose  tissue  a«  well 

OS  of  the  muscle,  so  that  the  bone  seems  to  be  covered  only  by  fascia 

and  skin.    The  transverse  procjesses  of  the  vertebras  may  be  felt  ia 

the  hollow  beside  the  spine,  and  the  bony  prominences  about  tho 

shoulder  may  be  almost   a«  conspicuous  as  in  a   skeleton,  so  that 

t^eueath  the  acromion  there  may  be  a  groove,  into  which  the  finger 

cMik  be  placed,  in  consequence  of  the  descent  of  the  head  of  the  humerus 

from  the  glenoid  cavity.      The   unequal    affection   of   antagonistio 

mtMcke  leads  to  various  contractions  and  deformities.     In  the  hanH, 

_.i_ariAllv.  distortion  is  apt  to  occur ;  from  preponderant  paralysis  of 

2!^wiiMei  and  contraction  of  the  long  flexor  and  extensor  muacles» 

•  Vitntw*  Mf (Ileal  SocifU,  M«rch  17 ih,  18S2. 

f  BknlMll*  **1»°'^"'^^  of  Nerv.  tiud  Moot,  Di«.,'  1887«  iIt«  fb 
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the  "  daw-liire  hand  "  develops  in  extreme  degree  (Figs.  19  and  20, 
p.  43).  If  all  the  musoies  of  a  part  are  equally  and  aimuitaneously 
affected,  no  defonnity  results  unless  an  nn»itpport*^d  part  yields  to 
the  influence  of  gravitation  (Fig,  144).  Lordosis  is  very  common 
in  cases  in  which  the  trunk  and  hip  muscles  are  involved.  It  is  often 
the  indirect  result  of  the  weakness  of  the  extensors  of  the  hip- joint 
Tt  \n  produced  in  the  manner  described  in  the  account  of  pseudo- 
hypertrophic paralysis,  in  which  it  is  almost  constant. 

The  electrical  irritabilily  of  the  wasted  muscles  presents  changes 
which  vary  in  character  :n  diifp-rent  cases.  When  the  wiisting  is  slow, 
there  ia  usually  a  diminution  in  both  faradic  and  voltaic  ii'ritabiHty, 
similar  in  character  to  each  current.  But  the  amount  of  contraction 
that  can  be  produced  is  far  leas  than  normal^  and  progressively  lessens. 
The  irritability  fails  with  the  muscular  nutrition,  and  when  the 
wasting  is  great,  only  a  slight  contraction  can  be  obtained,  even  with 
a  Btrong  current.  When  the  wasting  is  extreme,  irritability  at  last 
becomes  eitinct,  but  the  voltaic  irritability  of  the  muscular  fibres 
persists  long  after  the  faradic  irritability  has  disappeared.  It  may 
be  normal  in  degrei^  or  lowered,  but  is  seldom  increased  in  such  cases. 
The  quality  of  the  voltaic  irritability  may  also  be  normal,  but  some- 
times ACC  (auodal  closure  contraction)  occurs  as  readily,  or  more 
readily,  than  KCC.  Tetanic  contraction  during  the  passage  of  the 
current  is  produced  with  undue  readiness  compare^l  with  the  closure 
contractions,  and  opening  contractions  are  often  caused  by  currents 
but  little  stronger  than  those  that  cause  closiire  contractions.  Thus 
therfi  may  be  the  qualitative  change  of  the  reaction  of  degeneration 
without  the  voltaic  increase  (see  p.  74).  When  there  is  the  rapid  and 
considerable  paralysis  described  on  p.  S44,  either  at  the  onset  or 
during  the  course  of  the  disease,  the  palsy  being  followed  by  rapid 
wasting,  there  may  be  quick  extinction  of  faradic^  with  actual  exalla 
tion  of  voltaic  irritability,  and  the  reaction  of  degeneration  may  be 
present  in  all  its  cliaracteristics.  Between  these  forma  every  inter- 
mediate condition  may  be  met  with,  including  the  mixed  reaction 
described  on  p,  32. 

The  mechanical  irritabihty  of  the  muscles  is  considerably  increased  ; 
a  tap  causes  a  local  contraction  of  the  fibres  struck.  Monover, 
spontant-ous  tlickering  contractions  of  parts  of  the  muscles  are  very 
common,  now  of  one  bundle,  now  of  another,  conspicuous  to  the  eye, 
although  scarcely  felt  by  the  patient,  Tbia  "fibrillation/*  as  it  h 
termed,  is  not  invHriible,  nor  is  it  confined  to  this  disease.  It  may 
sometimes  be  observed  in  muscles  that  are  not  yet  invaded  by  the 
wast)nj^%  but  where  it  ia  observed,  in  this  disease,  atrophy  ueually 
follows. 

In  the  parts  affected  by  the  characteristic  wasting,  ^  reflex  action  is 
abolished,  clearly  in  consequence  of  the  damage  to  the  motor  part  of 
the  reflex  arc  ;  the  afferent  portion  of  the  arc  is  unaffected,  for,  as  we 
shall  see,  there  is  no  loss  of   sensation.      The  myotatic  irritability 


CHEONIO   MUSCULAE   ATKOFHY.  54  t 

tliere  is  usually  oiily  a  moderate  dimiaution  in  electrical  excitability, 
wliich  does  not  go  on  to  eitinction.  Th<  oue  condition  does  not  aeem 
to  pass  into  tlio  other  ;  the  state  of  ri^^idity  aud  myot-atic  excess  does 
not  give  place  to  muscular  relaxation;  atonic  atrophy  does  not  succeed 
the  tonic  wasting.  In  very  rare  eases,  of  whiiib  I  have  seen  a  few 
instances,  there  is  a  sLoiilar  condition  in  the  hands  when  the  shoulders 
are  the  seat  of  simple  atonic  atrophy.  Tlie  forearms  are  then  rigid^ 
moderately  wasted,  with  myotatic  eicesa,  while  the  muscleH  of  the 
shoulders  are  extremely  wasted  and  absolutely  flaccid.  In  still  more 
rare  cases  the  whole  arms  are  thus  affected,  are  thin  and  rigid,  and  in 
no  part  is  there  atonic  atrophy*  3n  one  remarkable  ease  of  this 
character,  the  muscles  of  the  trunk  participated  in  the  spasm ;  after 
coughing  or  yawning,  reBpiration  would  be  checked  for  a  few  seconds 
by  general  8j>asm,  and  whenever  the  patient  was  i*aised  from  the  bod, 
the  arms,  legs,  back  and  neck  became  stiff  in  tetanoid  rigidity,  the  head 
being  bent  backwards. 

The  combinations  of  the  ordinary  atonic  wasting,  and  loss  of  power 
without  wasting  and  with  increased,  myotatic  irritability,  are  exce<  d- 
ingly  numerous  and  variable.  The  most  frequent,  as  already  st4itcd» 
is  flaccid  atrophy  in  the  arms  and  spastic  paralysis  in  the  legs ;  but  I 
have  twice  seen  atonic  atrophy  below  the  knees,  with  weak  but 
well-nourished  thigh  muscles  and  much  increased  knee-jerk.  I'he 
▼ariable  combination  of  these  conditions  gives  rise  to  differences  that 
are  more  apparent  than  real,  and  may  easily  be  allowed  undue  weij^'ht 
in  classification-     Their  explanation  will  be  considered  presently. 

The  extreme  emaciation  of  the  most  affected  paits  shows  that  the 
adipose  tissue  wastes  as  well  as  the  muscles.  Indeed,  the  sufferers 
usually  become  generally  thin,  often  to  an  extreme  degree.  The 
atrophied  Umbs  are  usually  cold,  and  may  be  livid  or  pale,  but  there  is 
no  tendency  to  acute  vaso-motor  disturbance  in  the  ordinary  form  nf 
the  disease.  I  have  known  the  skin  of  the  face  to  become  thin  and 
smooth,  so  that,  in  one  instanoe,  the  dark  iris  could  be  seen  through 
the  closed  eyeiids,  but  such  a  change  is  quite  exceptionaL  In  another 
patient  there  was  a  very  remarkable  form  of  local  atrophy.  Certain 
areas  of  muscles  underwent  wasting,  the  rest  being  normal  j  the  affec- 
tion commenced  by  a  livid  discoloration  of  the  ekin,  and  the  wasting 
seemed  to  involve  the  skin,  subcutaneous  tissue,  aud  muscle,  causing 
local  depressions.  Considerable  tracts  of  the  trapezii  were  thua 
affected,  and  smaller  spots  in  the  arms  and  legs.  The  patient  was  a 
single  woman  of  thirty-five,  and  the  disease,  which  did  not  show  a 
strongly  progressive  tendency,  is  probably  a  special  affection,  perhaps 
of  the  nature  of  scleroderma. 

The  functions  of  the  sympathetic  are  not,  as  a  rule,  dei*anged. 
Dilatation  or  contraction  of  one  pupil  has  been  frequently  obsened, 
chiefly  in  association  with  atrophy  of  the  muscles  that  are  suppHe'l 
from  the  lower  part  of  the  cervical  region ;  and  it  no  doubt  dej>C'udi> 
on  the  disease  of  the  spiual  cord,  and  not  of  the  sympathetic  itself. 
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The  reQez  action  of  the  iris  is  usuallj-  normal,  and  optic  nerve  atrophj 
ncvor  occurs.*     NjstagniuB  is  present  in  rare  cases. 

The  visceral  functions  are  usuaily  little  diflturbed.  Sexuiil  power  is 
often  lost.  The  sphincters  rarely  suffer,  even  when  the  wasting  ib 
general  and  extreme;  occasionally  they  are  involved,  and  they  may 
even  suffer  early.  In  other  cases,  in  which  the  legs  become  weak  after 
the  wasting  sets  in  in  the  arms,  the  affection  of  the  sphincters  may 
coincide  with  that  of  the  legs.  In  the  composition  of  the  urine,  alight 
changes  have  been  found,  but  not  cousiantly.  Urea  has  been  increased 
in  some  cases,  lessened  in  others. f  The  quantity  of  lime  has  been 
found  to  be  increased  (Prom man),  that  of  kreatin  diminished,  i^ven 
to  one  tenth  of  the  normal  (Rosenthal,  Langer) .  Glycosui'ia  has  been 
observed  in  association  with  bulbar  symptoms.  J  The  lungs  may  suffer 
from  the  impairment  of  breathing  power,  when  the  interoostals  and 
diaphragm  are  weakened* 

Vtiridiea.— The  chief  varieties  of  the  disease  depend  on  the  relative 
distribution  of  the  three  conditions:  (1)  atonic  atrophy,  becoming 
extreme  ;  (2)  muscular  weakness  with  spasm,  but  without  wasting,  or 
with  only  slight  wasting;  and  (3)  tonic  atrophy,  rarely  extreme  in 
degree,  with  myotatic  excess.  The  commonest  condition  is  to  havo 
atonic  atruphy  in  the  arms  and  upper  part  of  the  trunk,  with  simple 
weakness  and  spasm  in  the  legs.  Atonic  atrophy  in  both  arms  and 
legs  is  less  common,  and  the  least  common  ia  tonic  atrophy  alone,  in 
the  arms,  or  universal.  The  last  is,  indeed,  extremely  raiie.  It  is 
important  to  note,  however,  that  these  conditiona  may  coexist  in  every 
degree  and  combination ;  between  universal  atonic  atrophy  on  the  one 
hand,  and  universal  spastic  paralysis  without  wasting  on  the  other, 
there  is  every  gradation.  The  latter  does  not  come  into  the  categoqr 
now  under  consideration,  but  similar  cases  are  met  with  in  which  then 
is  atrophy  of  a  few  muscles  (as,  for  instance,  of  the  hands  only),  which 
complete  the  series.  The  varieties  due  to  the  different  combinationii 
of  atrophy  and  paralysis  have  been  already  alluded  to. 

A  peculiar  form  of  muscular  atrophy  has  been  mentioned,  first 


*  I  littve  once  met  wrtb  a  remftrkHble  reflex  flxntion  of  tlie  eyeballii  in  m  ca^  of 
ftdvHnced  proi^resaire  mutuulnr  airoiiby.  If  the  pntient,  lookltig  to  one  aide,  sun* 
and dfl Illy  told  to  loak  at  an  object  on  the  other  tide,  hl«  heMd  wu  hi«tantly  turned 
toward!  tbe  second  object,  while  the  oyea  remained  fixed  on  the  6rat«bjr  a  movetoenl 
corresponding'  to  tbat  of  the  betid  but  in  tlie  oppoalte  cHrecfcion,  and  then,  after  h 
few  aecontla,  they  were  sIqmIj  moved  townrda  tbe  t^ecoad  object.  The  pbeitomenou 
continued  to  the  end  of  tbe  patieat'i  life.  Aa  I  pointed  out  in  ui  iiccoaut  of  thte 
curioua  condition  ('Brain/  vol.  i),  it  ii  intereating  evidence  of  a  noruial  rallaa 
meebauiwu  in  tbe  fixatlou  of  the  eyea;  thia  w&a,  aa  it  were,  iaoUted  by  diaeaae, 
whlcb  loaaened  voluntury  i-ontrol  over  it. 

f  In  a  patient  wiio  win^iied  7  at.  13  tbt.»  &nd  whoae  nrine  varied  betwi'^en  760 and 
0()0  cubie  centimt'troa,  1  found  llie  daily  excretion  of  urea  to  vary  between  lO*?  and 
15  gnimme*,  tbo  average  l>eini;  13  grawmea,  I'hia  U  ju^t  tialf  tbe  normal  avi^inf  « 
for  a  man  o(  that  wt*tgbt,  which  wuuld  be  (Nccordiiig  to  Purkea)  24  graminea. 

X  Rovighi  and  Melottl.  *Riv,  Sper.,'  1888,  p.  315. 
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conspictiouB  in  the  peroneal  regions  •  and  spreading  thence  to  other 
muscles  of  the  leg  and  to  the  hands.  It  is  characterised  bv  occurrence 
m  early  life,  and  often  in  several  members  of  the  same  family,  and 
has  been  termed  the  *'  peroneal  type"  by  Dr.  H.  Tooth,  the  " neurit ic 
(neurotische)  forui "  of  Hoffmann,  It  ia  probably  not  dependent  on 
the  spinal  cord,  and  is  considered  more  fully  at  a  subaequeiit  page. 

CompUcatioiis, — Progressive  muscular  atrophy  is  occasionally  accom* 
panied  by  the  flymptoms  of  some  other  degenerative  disease  of  the 
81)inal  cord.  The  paralysis  with  epaam,  already  described,  can 
scarcely  be  regarded  as  a  complication :  it  is  rather  part  of  the  disease. 
and  its  relation  to  the  other  symptoms  will  be  considered  when  we 
discuss  the  pathology  of  the  affection.  In  rare  cases,  muscular  atrophy 
in  the  arma  is  accompanied  by  the  symptoms  of  locomotor  ataxy  in 
the  legs.  By  far  the  most  frequent  complication  is  bulbar  paralysis, 
weakness  of  the  lips,  tongue,  pharynx,  and  often  of  the  lai7ng*?al 
muscles.  It  is  the  expression  of  a  degenerative  process  in  the  medulla, 
similar  to  that  which,  in  the  spinal  cord,  causes  the  affection  of  the 
limbs.  It  may  come  on  at  any  stage  of  the  disease,  may  precede  the 
spinal  symptoms,  or  only  come  on  when  these  have  attained  a  con- 
siderable degree.  In  characters,  the  bulbar  palsy  may  resemble 
perfectly  that  which  occurs  in  isolated  form,  and  will  be  described 
among  the  diseases  of  the  brain,  Fre^juently,  however,  there  is  but 
little  paralysis  of  the  tongue,  even  when  swallowing  and  articulation 
are  much  impaired.  There  may  also  bo  slight  interference  with  ai'ticu- 
lation  when  theix>  is  no  marked  bulbar  palsy.  A  minor  complication 
is  the  neuralgic  pain,  which,  as  already  stated,  is  sometimes  troublc- 
eome  in  the  early  stage  of  cases  that  are  due  to  cold.  In  &ever:il 
patients  I  have  known  headache  to  bo  fretjuent  and  severe  throughout 
the  course  of  the  disease.  Generai  paralysis  of  the  insane  has  been 
met  with  as  an  exceptional  compltcation.f 

Course, — The  malady,  in  most  cases,  is  steadily  progressive,  as  its 
name  implies,  but  in  the  rate  of  its  progress  it  varies  in  different  castas, 
and  in  the  same  case  at  different  periods.  It  may,  moreover,  become 
stationary  (sometimes  as  the  result  of  treatment)  at  any  period  in  its 
course,  and  when  once  actually  arrested,  it  does  not  usually  again 
become  active.  Unfortunately,  the  tendency  to  cessation  is  greatest 
in  the  later  stages  of  the  disease,  when  there  is  httle  except  life  to  be 
preserved.  Sometimes  progT^ess  ceases  at  an  earlier  stage,  and  chiefly, 
I  think,  in  those  cases  in  which  the  atrophy  is  strictly  symmetricul, 
and  develops  simultaneously,  or  almost  simultaneously,  on  the  two 
sides.  Thus  I  have  met  with  several  casea  in  which  there  was 
symmetrical  wasting  in  the  two  hands,  or  in  certain  muacles  of  the 
two  forearms  or  of  the  two  upper  arms,  and  in  which  the  atrophy, 

•  Caavt,  however,  hare  been  dejicribed  more  recontly  in  wtticli  tlie  npper  Hmbi 
stiffered  first  or  nimult&neously  (Hoffmartn,  *  Deutscb,  Zeit»cli7.  f.  Narveuljeitk,/ 
1891,  i). 

t  Tambroui,  '  Bit.  Spcr.  do  Fren.,  Ac.,'  1887, 1'di,  p.  181. 
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aft-er  attaming  a  consideralile  degree  m  its  limited  seat,  had  become 
Btationaiy  and  coatiutiod  so.  Occasionally  some  symptom  (as  weak- 
ness of  the  sphincters)  may  pass  away»  although  the  atrophy   pro- 


When  the  progress  at  the  commencement  is  rapid,  it  usnally  con- 
tinnes  rapid,  until  the  disease  has  attained  a  wide  extent,  althe:>ugh 
the  acute  local  onset  mentioned  below  may  be  followed  by  «low 
extension.     Wlien  it  begins  slowly,  it  is  usually  slow  throughout. 

Although  the  disease  somt^timea  commences  in  the  p?cond  arm  very 
soon  after  its  onset,  it  more  commonlj  makes  some  progress  in  its 
primary  seat  before  beginning  on  the  second  side,  and  the  interval 
that  elapses  yaries  with  the  rate  of  extension.  It  often  happens  that 
a  year  intervenes  between  the  affection  of  the  two  arms,  and  I  have 
known,  in  a  very  chronic  case,  the  atrophy  to  slowly  progress  in  one 
arm  for  seven  years  before  it  showed  itself  in  Ihe  other.  It  is  n**t 
common  for  the  arms  to  be  reduced  to  practical  helplessness  in  less 
than  two  or  three  years,  but  the  hands  may  become  useless  in  as  short 
a  time  as  six  months,  while  in  one  case  the  wastingf  commencing  at 
the  shoulder^  had  invaded  the  whole  arm  in  the  course  of  a  month. 
The  shortest  time  in  which  I  have  known  a  patient  to  reach  the  last 
stage  of  the  disease  is  nine  months. 

With  any  rate  of  general  progress,  the  otherwise  uniform,  course  of 
tne  disease  may  be  broken  by  the  occurrence  of  almost  sudden  palsy 
in  a  certain  group  of  muscles.  Considerable  loss  of  power,  it  may  be 
absolute  paralysis,  comes  on  in  a  few  days,  or  even  in  a  few  hours. 
It  may  occur  at  the  onset  of  the  affection.  The  extensors  of  the  wrist 
and  fingers  are  the  muscles  most  commonly  thus  affected.  The  weak- 
ness is  usually  followed  by  a  well-marked  degenerative  reaction  in  1  he 
muscles.  I  have  seen  several  cases  which  began  by  such  subacute 
or  even  acute  paralysis  of  the  extensor  muscles,  first  in  one  arm  and* 
soon  afterwards  in  the  other ;  the  initial  condition  closely  resembled 
the  paralysis  from  lead  poisoning,  even  to  the  escape  of  the  supinator 
longus  and  ext,  ossis  met.  pol.  This  cause  was,  however,  excluded,  and 
soon  the  muscles  of  the  ehuulder  and  back  presented  commencing  slow 
progressive  atrophy,  followed  by  wtiatiug  of  the  interossei  until  a 
typical  state  was  reached.  In  another  case,  the  quick  loss  of  power 
was  confined  to  the  extensors  in  one  arm,  which  were  already  we;ik 
and  slightly  wasted,  moat  of  the  other  muscles  of  the  upper  limbs 
having  been  long  atrophied.  When  there  is  weakness  of  the  loirs 
without  wasting,  the  onset  of  this  may  coincide  with  the  atrophy  of 
the  arms,  or  may  succeed  it  at  any  interval.  In  one  case  five  ye  irs 
elapsed,  after  the  arms  began  to  waste,  befoi'e  the  legs  become  weak. 
It  is  very  rare  for  the  paraplegic  weakness  to  occur  first. 

The  chief  danger  to  life  is  from  pulmonary  maladies,  rendered  grave 
from  the  weakness  of  the  muscles  of  respiration.  The  common  com- 
plication of  bulbar  iiaralysis  is  another  frequent  cause  of  death,  eith«?r 
by  the  interference  with  swallowing  and  nutrition,  or  by  the  laryngeal 
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paraJjaiB,  IiCbb  cominoiily,  death  reBults  from  bedsores  and  septicfemia, 
or  from  mtercurrent  maladies, 

Patholooicaii  AiTATOMT.^ — The  wasting  of  the  muscles  is  as  evident 
&fter  death  as  during  life.  They  are  reduced  in  size  and  pale  in 
colour.  Sometimes  there  ie  little  in  the  tint  of  what  remaiES  to 
snggeat  muscular  tissue.  Parts  of  a  muscle  may  be  hardly  dis- 
t*.  'Tuishable  from  adjacent  fat.  On  the  other  hand,  the  bulk  of  the 
muSv*  ^  may  be  dark,  and  pale  streaks  in  it  may  mark  the  position  of 
local  dt^  'nitration,  Under  the  mirroscope  the  fibres  present  various 
changes,  aad  of  these  four  are  well  defined.  (1)  There  may  be  simple 
narrowing  of  the  fibres,  without  any  considerable  change  in  their 
etriation  (Fig.  147),  although  the  striae  often  seem  to  be  further  apart 
than  normal,  and  sometimes  the  fibrillary  segmentation  is  miuaually 
distinct.  (2)  Simple  fatty  degeneration^  in  which  the  transverse 
striation  gives  place  to  a  granular  appearance  (Fig.  148),  the  graaulea 
become  larger  and  fewer  (Fig.  147)  until  ultimately  distinct  globules 
are  scattered  through  the  sheath.  Where  the  muscle  resembles  fatty 
tissue  to  the  naked  eye,  the  microscope  may  show  only  sarcolemma 
sheaths  containing  groups  of  globules.  (8)  Muscular  fibres  are  seen 
in  which  the  aheath  contains  only  a  dear  material  enclosing  a  few 
fatty  globules,  and  a  few  transverse  strim,  faint,  as  if  fading  away.  It 
is  probable  that  thiw  is  not  the  result  of  fatty  degeneration,  but  of  a 
different  process,  which  has  been  termed  "  vitreous  degeneration  " — a 
sort  of  dissolution  of  the  strise,  indicated  by  the  appearance  of  such 
fibres  as  are  shown  in  Figa.  147,  148,  149.  (4)  A  longitudinal 
striation  develops  in  the  fibre,  and  at  first  oo -exists  with  the  trans- 
verse striation  ;  but  ultimately  the  latter  becomes  indistinct,  and  the 
fibre  looks  like  a  faeciculus  of  longitudinal  connective-tiBSiie  fibres 
(Pig.  150).  Sometimes,  with  the  longitudinal  striation,  the  fibre 
presents  a  transverse  striation  very  much  finer  than  normal,  the  striiB 
being  narrower  and  nearer  together,  aa  if  from  a  division  of  the 
"  sarcotis  elements,"  This  change  may  sometimes  be  seen  alone,  and 
may  be  present  in  only  one  part  of  a  fasciculus.  Thus  at  one  place 
the  number  of  atrite  in  -nnre  ^^^  ^^^  ^^^J  aeven,  while  in  another 
region  of  the  same  fasciculus  seventeen  were  to  be  counted  in  the  same 
space,  A  tendency  to  transverse  fissuring  has  also  been  described, 
but  this  ie  probably  artificial.  Fatty  globulus  accumiilate  between  the 
fibres  (Fig.  150),  a<5companied  in  somti  cases  with  granules  and  masses 
of  reddish- brown  pigment.  There  is  often  also  an  increase  of  the 
nuclei  (Fig-  148),  and  sometimes  of  the  fibres  of  the  interstitial  tissuo. 
Two  or  three  rows  of  nuclei  may  lie  between  the  fibres.  The  capil- 
laries may  be  dilated  and  distended.  It  is  very  common  to  see 
muscular  fibres  that  are  much  altered  side  by  side  with  others  that 
present  a  nearly  normal  appearance.  Ultimately  the  sheaths  become 
empty  and  ahrink,  and  may  be  scarcely  distinguishable  from  the 
interstitial  fibrous  tissue. 

The  peripheral  nerves  contiain  many  degenerated  nerve-fibres,  and 
VOL.  I.  35 
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the  termiiial  branches  for  the  muscles  &  still  larger  number.  If  the 
nerves  are  traced  up  to  the  cord  it  k  found  that  the  degenerated  fibres 
come  onlj  from  the  anterior  roots.  These  are  conspicuouslj  changed 
to  the  naked  eye,  smiiU  and  grej.  They  may  resemble  fine  tlireada  of 
connective  tissue,  and  under  the  microscope  no  nerve-fibres  maj  bo 
found  in  them,  or  only  a  few  may  remain  of  normal  aspect,  the  rest 
being  in  various  stages  of  degeneration,  or  I'epresented  only  by  their 
empty  aheorthg.     The  degree  of  affection  of  the  anterior  roots  corre- 
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Fiu,  U9.  FlQ.  150. 

FiBRBS   OF   WABI'XD   MiTflCLSS   17  FBOOHXeSITI   MnaCDLAB  ATUOTtlT. 

Flff.  147* — Narrowed  fibres  with  nearly  norm al  atriation  ;  olbers  clear,  contaTnlntf 
II  few  fat  slobuleg.  ftnd  a  few  fmnt  tnniiiverse  atrifio  and  fiome  loD^itiuluml  •triaUoti; 
IftTjfe  (jlobulen  of  fufc  lie  in  tbe  iutemlitial  tiastio  in  front  of  one  niirrow^  flbre, 

Fia.  148. — Gmnu1«,r  degeneration  t  a  fibre  with  normal  trMnsTerte  itriAtion  presents 
alBO  imdioiliona  &f  lonBritndinal  itriution.     IncrcaRe  of  nuclei  of  interatitial  liBtne. 

Fio.  149.^Two  normal  fibres  and  one  prcBontinf  tbe  deftr  homogeneoot  Mpoct^ 
with  a  few  fat  (j^lobcitet  and  some  faint  itritition. 

PlU*  150.— Several  fibrei  tlmilur  to  tbut  of  tbe  la»t  figure,  with  f^lobnles  of  fat 
]i<>tN^~een  tliem.  On  the  riiiht  ia  a  fibre  wbicb  baa  anderenQe  complete  longitudinal 
•tri^tton,  tbe  tmrrnal  Btrira  bavinf?  dlsappearud,  ao  tbat  it  resembles  tbe  adjacent 
lltfrtlitui  ftbronft  t  t«sne.  Other  fibres  in  tbe  same  mntcle  w«t«  in  intf^rraediate  etains 
•f  Atgrnerationfiometraniversettriiitjon  co-ezittinf?  with  the  longritudinal  atriatlon* 

tpoands  to  the  wasting  in  the  parts  supplied  by  them.    The  posten<^^ 
i^ola  are  normal. 

TIm  spinal  cord  is  often  softer  than  natural  at  the  affected  part, 
q^  lk0  white   substance  of  the  lateral  columns  may  be  grey  and 
it  in  asi^ect,  especially  in  the  cervical  enlargement.     Under 
morbid   changes  are  seen  in   the   anterior  comtuk. 
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and  alflo  in  most  cases.  In  the  antero-lateral  white  oolimma.  The 
change  in  the  anterior  comua  oorrespondg  in  its  intenaifcy  to  the 
origin  of  the  nervea  to  the  most  affected  parts,  and  sinoe  the  latter 
are  uauollj  the  arms,  the  diaease  is  generaUj  moBt   intense  m  the 

FiOwl61. 


*\ 


r       \ 


FlO.  1&2. 

Pi».  161.<~A  Qoraiiil  anterior  comn  for  com  part  roh  witTi  the  next  ignro. 
Flft.  152. — PmRrestivt*  »mi*cnliir  fttropUy;  anterior  coron*  cerviml  rog:ion. 
(From  drHwingJi  by  Dr.  H.  R,  SiMjntii^r.) 

cenrical  eBlargipment.  In  stained  sections  the  grey  matter  of  the  horn 
is  less  deeply  tinted  than  normal,  but  in  some  parts  it  may  stain  more 
deeply,  especially  in  the  circumference  of  the  comu  and  the  processes 
of  grey  matter  which  project  into  the  white  column..     Occasionally, 
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lazger  areas  haTe  a  dense  aspect 
and  stain  deeply,  but  the  central 
part  of  the  comua  is  generally  pale 
and  wasted  in  aspect.    Most  of  the 
large  nerre-cells  hare  disappeared ; 
mauj  entirely,  while  others  are  re- 
presented only  by  small  angular 
bodies.    Not  a  single  large  cell  may 
be  seen  in  a  section  which,  in  a 
normal  cord,  would  contain  a  consi  • 
derable  number.     Frequently,  how- 
eyer,  a  few  lai^ge  cells  can  still  be 
seen,  but  most  of  these  have  lost 
their  processes  and  .ire  more  glo- 
bular than    normal.     The    mter- 
•titial  tissue  is  also  changed.    The 
nerra  fibrillss  waste  with  the  cells, 

Fig.  158. — Prog^reuive  moscular  atrophy; 
deg«neratiou of  the auter.or  co> nus aid 
pyramidal  traou.   A,  medulla  oblongati, 
eomplete  degeneratioa  of  the  auteriur 
pyramid!,  ▲  p  |  B,  at  the  upper  put  uf 
the  decuitation  of  the  pyramids ;  D,  the 
deeouation  of  the  dfg^enerated  fibres; 
▲  p,  the  pyramids,  still  incomplete.    C 
eervical,  D,  dorsal,  E,  lumbar  section*. 
The  degeneration  of  the  anterior  coriius 
if  complete  in  C,  but  in  £  a  fe\r  cell* 
remain,  fur  the  most  part  without  pro 
oessei.     In  C  and  D  the  degeiierHtioa 
of  both  anterior  and  lateral  pyramidal 
tracts  is  conspicuous;  in  E  the  anterior 
tract  hHS  ceased,  and  the  lateral  tract 
extends  up  to  the  surface  of  the  cord, 
from  which  it  is  separated  in  C  and  L> 
by  the  undegenerated  direct  cerekieliar 
tract.     In  C  and  D  the  degcnenition 
extends  forwards  in  front  of  the  latt'r&l 
pyramidHl  tract,   but  gradually  ceases. 
Tiie  tibreH  of  the  anterior  commissure 
are  also  degenerated.* 

*  In  this  case  the  arms  were  greatly 
waited  and  fliccid;  the  legs  were  piira> 
lyxed,  rigid,  with  m<Mlerute  wasting.  Tlie 
mu:(cles  of  the  back  were  also  atrophied. 
In  the  arms  the  weakness  and  wasting 
came  on  at  the  same  time,  in  the  ri<;iit 
arm  M)me  time  before  the  left.  The 
ahoulder  muRcles  sufTi-red  first,  but  the 
atrophy  quickly  spread,  and  was  ulti- 
mately extreme  in  the  inoscleA  of  the 
•hotildcrs,  forearms,  and  hHud:*.  The  dis- 
ease ran  a  rapid  course;  death  occurred 
two  \oir8  after  the  gradual  onset. 
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and  there  is  an  increase  of  the 
small,  angular,  and  stellate  cells 
and  other  connective-tissue  ele- 
nunts.  The  larger  vessels  are 
dilated  and  surrounded  by  un- 
ci iilj  wide  spaces,  but  there  is 
no  considerable  distension  of  the 
capillaries.  The  comu  as  a 
wliole  is  not  usually  changed 
either  in  size  or  shape.  SiniiLir 
alteration  8  may  be  traced  through 
t  he  dorsal  region.  In  the  lumbar 
enlargement  the  grey  matter  may 
lie  normal,  even  when  it  is  much 
alt4?red  in  the  cervical  region; 
btit  if  the  legs  are  wasted  there 
are  changes  similar  to  those  al- 
ready described.  When  the 
atrophy  begins  in  the  lcg8»  the 
disease  may  be  more  intense  in 
the  lumbar  than  in  the  cervical 
ettlarffcment ;  but  more  often 
any  de-^neration  that  exists  is 
slighter,  and  a  larger  number  of 
normal  or  slightly  changed  eells 

Fia.  164. —  Pro(rTP»*i»«  mntrQljir  hIto- 
|»hy.  A^inedulifi  ohlo'ifntta;  <lejgren»- 
nioon  of  tb^  anterior  pyramidt,  a  P. 
B,  cerrical,  C,  ftf«l  diirwil,  D,  flr«t 
lomhftr,  E«niid*1ambNri««tiofit  Tha 
nerv^'Celti  kmre  diMpp<'ftrrd  fi\>m 
the  antertor  oornim,  except  in  E,  {& 
wbicb  a  few  remain,  Tljer*  t«  cntn- 
p1tt«  deffHTioration  of  th»"  pvraniidrti 
trarta,  anterior  and  )nt4*rnl.  Tho  de^ 
cnii«iitioii  at  the  meiliilla  waa  unequal 
in  thit  <«M{  of  ihu  l«ft  vvratnid 
fewer  flhrea  emaaed  t  ban  of  the  rii;ii  t , 
and  bfneethn  left  ant«>nor  pyramidiU 
tract  i*  Urf^er,  witile  (be  rigbt  lateral 
tmot  ia  tmalb'r  tbnn  nnriiml,  mid, 
morAOVer,  haa  ceatcd  ni  tbe  middle  of 
tb«  Inrabar  enlNffietuent,  to  ^<ll>bieb 
tb9  left  Nnterior  trart  extendi.* 


*  Tbe  patient  waa  a  man  fortj'eUbl 
fmr^  of  ig^.  Ttio  discwac  fullowed  a 
§mrwf  eipoiure  to  c^td.  1  be  tirm»riii|r 
of  the  arma  »a«  extrrro^^  and  they  *  ere 
abMoltit«ly  powerlwa.  Tbi»  lejf*  wer* 
moob  1«M  waat«d  tlmn  tba  arma,  hot 
proporiloii  to  tha  waatia^. 


weal,  th«  loaa  of  pow«r  ho'iiiK  out  ^i 


55U 


SPINAL  COltH. 


can  be  seen.     Sometimes  ceiiain  flTOupe  of  cells  are  little  affected 

while  others  are  much  atropliied.  The  degeneration  may  involTe  to 
some  extent  the  intermediate  grey  matter  between  the  oomiia,  but 
here  it  ceases ;  the  posterior  horn  is  always  normal. 

There  is  distinct  degeneration  of  the  anterior  root-fibres  passing 
from  the  oorau  through  the  ant*»rior  column.  A  few  fibres  may 
remain,  but  whole  fasciculi  appear  to  be  replaced  by  fibrous  tissue. 
There  is  also  degeneration  of  the  fibres  of  the  anterior  commissure,  in 
consequence  of  which  it  stains  much  more  deeply  than  norniaJ,  in  the 
regions  in  which  the  grey  matter  is  considerably  diseased. 

In  the  white  columns  there  is  usually  considerable,  and  often  almost 
complete  degeneration  of  the  pyramidal  tracts,  anterior  and  lateral.* 
Tho  ar«  a  of  scleroais,  resulting  from  the  degeneration  of  the  two 
tracts,  varies  in  extent  according  to  the  size  of  the  anterior  tract,  and 
to  the  distance  which  it  extends  down  the  cord.  In  Fig.  154  this  is 
illustrated  in  an  unusual  manner,  in  consequence  of  an  inequality  in 
the  decussation  of  the  pyramids  at  the  medulla,  fewer  fibres  of 
the  left  pyramid  having  crossed  than  of  the  right,  so  that  the  left  half 
of  the  cord  contains  more  than  its  proper  share  of  the  fibres,  and  the 
anterior  tract  extends  into  the  lumbar  region  even  further  than  does 
the  latenil  tract*  Where  the  direct  cerebellar  tract  exists,  this,  always 
unaffected,  limits  the  sclerasis  of  the  lateral  tract  on  the  outer  sida. 
On  the  inner  aide,  the  "  lateral  limiting  layer  "  (see  p.  221)  is  usimlly 
much  less  degenerated  than  the  pyramidal  tract,  and  intervenes  be- 
tween the  latter  and  the  grey  matter ;  but  this  layer  suffers  in  sonae 
degree,  j^erhaps  by  the  affection  of  outlying  pyramidal  fibres  con- 
tained in  it.  The  sclerosis  does  not  usiuiily  oease  at  the  anterior 
extremity  of  the  pyramidal  tract,  but  extends  forward  in  the  "  mixed 
Bone"  of  the  lateral  column,  lessening  in  intensity,  and  ceasing 
usually  opposite  the  out-t-r  part  of  the  anterior  comu.  It  is  here 
most  intense  close  to  the  grey  substance,  and  ceases  before  it  reaches 
the  surface  of  the  cord,  the  antero-lateral  ascending  tract  being 
unaffected.  This  sclerosis  may  be  due  to  the  degeneration  of 
the  short  vertical  fibres  that  pass  between  adjacent  regions  of  the 
anterior  comu,  and  which  share  the  degeneration  of  the  nerve-cells. 
Occasionally  it  extends,  in  slighter  degree,  into  the  anterior  columns. 
The  posterior  columns  are  always  free  from  definite  degeneration,  but 
there  may  be  some  general  increase  of  connective  tissue  throughout 
the  whole  cord.     The  degeneration  of  the  pyramidal  tracts  is  usuallr 


4 


•  I  hvfe  not  yet  met  with  »  single  eve  of  prog-retsive  rauicoUr  atrophj  in  wliich 
tho  pvramidal  iracts  were  uiinllected.  Soch  casea  bt*  eitremely  rmre.  One  ha*  been 
publialifd  by  Stiiimi>ell  ('Zeuker's  ZeiUeh./  1887,  and  *Neur.  C*ntrtflbL»'  1858, 
p.  130)  which  waa  cliHructerided  by  the  genernl  watting  uf  the  arm,  a  very  ilow 
courie,  and  th*'  abtence  of  leg  lymptoinA.  The  spinal  nePTe*4;"ell8  and  motr  uervaa 
were  d^enerated.  Other  ca§€a  have  been  deacribcil  by  VilHcrt  ('Journ.  m^d.  de 
Bniielle*/  1897)  and  by  Beevor  in  a  com mimi cation  to  the  Neuroloj^lcal  Socie^  of 
in  1866. 
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cnnsiclerable  in  degree ;  often  most  of  tlieir  fibres  seem  to  Have  perished. 
If  it  is  incomplete  in  the  cervical  region,  it  may  be  slight  in  the  lower 
p.^rt  of  the  oord,  the  degenerated  fibres  being  chieflj  those  that  end 
in  the  cervical  enlargomeat  and  dorsal  region.  When  the  sclerosis  is 
intense  it  is  not  confined  to  the  cord  ;  it  can  be  traced  up  through  the 
decussation  (Fig.  l^tS,  b)  and  through  the  medulla  oblongata,  in.  which, 
as  Figs.  153  and  154  show,  the  whole  of  both  pyramids  mav  be  degene- 
rated, so  that  they  atain  deeply,  and  do  nerve-fibres  can  be  dis- 
tinguished in  them.  The  degeneration  of  the  pyramids  has  been 
found  in  several  cases  to  extend  through  the  pons  and  crus  to  the 
internal  capsule,  and  even  through  the  white  substance  to  the  cortex. 
Above  the  capsule,  however,  the  pyramidal  fibres  are  so  mingled  with 
others  that  their  degeneration  is  no  longer  recognisable  by  the  deeper 
staining  of  a  definite  tract ;  but  it  has  been  detected  by  the  presence 
of  abundant  products  of  degeneration  in  the  path  of  the  fibit'S.  In 
the  motor  cortex  the  large  ganglion-cells  have  been  found  fewer  tban 
normal  and  distinctly  degenerated,  many  having  lost  their  prtx-esses ; 
and,  in  the  interstitial  tissue,  the  spider-eel  la  and  other  conuective- 
tissue  elements  are  increased  in  number.*  But  the  degeneration  of 
the  pyramidal  tracts  has  also  been  found  to  cease  at  the  crus  f  and  at 
the  decussation,! 

In  cases  in  which  the  symptoms  of  bulbar  paralysis  were  present 
during  life,  the  motor  nuclei  of  the  medulla  have  presentai  changes 
corresponding  to  those  of  the  grey  matter  of  the  sinnal  cord,  with  a 
similar  degenemtion  of  the  nerve-cells.  In  oilier  instances  the 
degeneration  of  these  nuclei  has  been  slight,  but  in  such  cases  the 
degeneration  of  the  pyramids  has  been  intense,  and  doubtless  involved 
the  fibres  connecting  these  nuclei  with  the  cortex  of  the  brain. 

The  sympathetic  ner\'^eB  and  ganglia,  when  examined,  have  been 
found  normal,  or  have  only  presented  such  changes  as  are  common 
apart  from  symptoms  of  disease  of  the  nervous  gyistem. 

pATHOLoaT.^The  theories,  according  to  which  the  disease  was 
regarded  as  primarily  one  of  the  muscles  or  of  the  sympathetic  nerves, 
have  now  only  an  historical  interest.  The  constancy  of  the  changes 
in  the  ganglion-cells  of  the  spinal  cord,  the  degeneration  of  the  motor 
root-fibres,  and  the  analogous  effects  of  acuto  lesions  of  the  anterior 
comua,  leave  no  doubt  of  the  relation  of  the  muscular  wasting  to  the 
disease  of  the  grey  matter,  and  essentially  to  that  of  the  gauglion-ceUs» 
and  the  fibres  prooet^diug  from  them.  The  slowness  of  the  change 
causes  the  impairment  of  the  nutrition  of  the  muscular  fibres  to  pro- 
ceed pari  passu  with  that  of  the  nerve-elements,  and  the  interference 
with  motor  conduction  to  be  proportioned  to  both.  We  are  thus  able 
to  understand  the  condition  of  electrical  excitability,  and  its   slow 

•  Kosdiewnikoff,  'Arclrivei  de  Neur«jlogii'/  1883,  Ni>.  18;  and  '  Ceo tj.il bl.  f. 
Nerveukr,/  1885,  p.  409;  Mario,  •  Nmir.  Ceiitralbl./  1884,  p.  61. 

t  Rovjghi  mid  Mclntti,  loc.  dt.j  Doniblutb,  •  Neur.  C«titi*lbL,'  1889,  p.  377. 
$  Mocli,  'Areb.  f.  Paych./  at,  718. 
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failure,  as  nerve  and  muscle  degenerate  togetlier.  It  is  onlj  when  the 
slow  degeneration  is  varied  by  a  more  acut«  process  of  destriu^tion  of 
cells  and  more  rapid  degeneration  of  fibres  tbat  the  muscular  tissue  is 
for  a  long  time  lees  damaged  than  the  nerve-fibres,  and  presents 
paralvsis  in  excess  of  the  wasting,  with  a  voltaic  irritability  in  excess 
of  the  faradic  irrital»ility  of  the  nerve-endings  (p.  30).  Thus  the 
essential  lesion  of  the  disease  is  a  slow  decay  of  the  lower  segment  of 
the  motor  path,  the  segment  which  consists  of  the  gangUon-cells  and 
their  prolongations  in  the  axis-cylinders  of  the  nerve-fibres  (seep.  213). 
To  this  the  conspicuous  symptom,  the  muscular  wasting,  is  secondary. 
It  if  perhaps  bettor  thought  of  as  a  degeneration  of  the  whole  segment 
than  as  simply  a  lesion  of  the  ganglion-cells,  although  the  latter 
being  the  element  on  which  the  nutrition  of  the  segment  depends,  the 
two  views  are  merely  d  ifferent  modes  of  stating  the  same  fact.* 

But  the  disease  is  rarely  limited  to  the  lower  segment  of  the 
motor  path.  The  cases  mentioned  in  the  note  on  p.  550  are  an 
example  of  such  rare  limitation — an  **  except  ion  that  proves  the  rule."  t 
We  have  seen  that  the  pyramidal  tracts  are  commonly  degenerated, 
and  it  is  probable  that  the  degeneration  often  extends  throughout  their 
entire  extent,  and  involves  the  motor  cells  of  the  cortex. J  Thus  the 
upper  segment  is  often  degenerated  as  well  as  the  lower  8e;:^ment»  In 
the  presence  of  that  complete  degeneration  of  the  lower  SL^gment 
which  causes  the  atonic  atrophy  of  the  muscles,  the  degeneration  of 
the  upper  segment  can  cause  no  symptoms.  The  loss  of  power 
that  it  would  produce  is  also  caused  by  the  degeneration  of  the  lower 
segment,  and  the  latter  abolishes  the  myotatic  irritability,  excess  of 
which  is  the  characteristic  indication  of  disease  of  the  upper  segment. 
Hence  the  degeneration  of  the  upper  segment  of  the  motor  path  for 
the  muscles  that  present  the  at^jnic  jitrojihy  cannot  as  a  rule  be  r»?cog- 
nised  during  life,  for  it  cannot  produce  its  characteristic  symptoms. 

What  is  the  relation  between  the  degeneration  of  the  two  segments, 
between  the  lateral  sclerosis  and  the  affection  of  the  pfau^'lion-oella  ? 
\Ve  caunot  assume  (as  some  have  been  inclined  to  do)  that  the  affection 
of  the  upper  segment  is  secondary  to  that  of  the  lower,  because  a 

*  III  ti  few  anuiDflloua  cases,  defjeiieratioD  of  the  motor  celtt  of  tlie  cord  bus  been 
met  with  when  no  degcnerallon  loukl  lie  detfcted  in  the  ix'riplienil  mtxed  i>erve« 
(so«?  Kroiithal,  '  Ni'iir.  Centnlbl./  Ih91,  p.  133).  The  iiiterj.reUtioii  of  tlie^e  eiiset 
U  At  prenent  aiicertain.  F^tHMiUlv  i'ou)|jleti}  disappeoranoe  of  some  fibres  left  the 
re«t  Hppnrfiiitlv  nf>riiii»l,  althouj;h  the  skill  of  the  iiivcftigntort  rentiers  thii  explnua- 
tion  difBcolt  to  n.ec4!>pt.  Mai)>  more  ob^eiTatioiis,  however,  are  needed  to  justify  * 
ino-dirteatiou  of  current  views. 

t  Moreover  the  fart  tliat  these  caaet*  may  not  be  primarily  spinal  must  be  borne 
hi  mind. 

$  At  the  tnme  time  we  have  seen  (p.  255)  that  the  ntitritionnl  stability  of  nerve. 
fihre«  is  leas  in  their  lower  than  in  their  upper  purtJ,  aud  that  their  isolated  de^ne- 
nttiou  may  he  grenteiti  in  the  lower  parts.  Tlrnt  tliit  muy  sometimes  abo  he  the 
raae  in  the>e  jivranidul  fibres  is  suggested  by  the  fatt  alreudy  stjited  that  the 
degeneration  may  ext*  tid  no  higher  thtiD  the  decu>satit>n  of  the  crura  cerebri. 
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primarj  lesion  of  the  grey  matter,  such  as  occurs  in  polio-myelitis, 
doea  not  cause  ascending  degeneration  of  the  related  pyramidal  filues. 
Moreover^  even  s,  complete  int-erruption  of  the  pyraraidal  tracts  is 
followed  by  no  degeneration  of  their  upp^r  parts.  Hence  the  intense 
degeneration  met  with  in  progressive  muscular  atrophy  cannot  be 
regarded  as  sccuiidary.  Neither,  when  there  is  atonic  atrophy,  can 
we  consider  the  affection  of  the  upper  segment  to  be  the  primary  lesion, 
and  to  be  the  cause  of  that  in  the  lower.  In  the  seat  of  slight  atrophy 
there  are,  aa  a  rule,  no  indications  of  the  preceding  degeneration  of 
the  upp^r  segment,  which  would  certainly  exist  if  this  lesion  were  the 
primary  change.  Moreover  degeneration  of  the  tapper  segment  doei< 
not  necessai'ily  cause  any  degeneration  of  the  lower.  It  is  a  matter  of 
every-day  observation  that  intense  degeneration  of  the  teriuination  of 
tha  upper  segment  may  occur,  from  dorsal  myelitis,  for  instance,  with- 
out auy  considerable  wasting  of  the  legs,  and  such  degeneration  has 
never  bt^en  known  to  excite  the  complete  degeneration  of  the  lower 
segment  which  causes  atonic  atrophy.  Hence  the  only  adequate 
explanation  of  the  facts  is  that  the  degeneration  of  the  ujipt^r  and 
lower  segments  is  simul1:aneous,  or  if  not  simultaneous,  at  least  so  far 
independent  that  neither  is  the  cause  or  consequence  of  the  other; 
both  are  the  results  of  the  same  tendency  to  degeneration  of  the 
motor  path.*  Atonic  muscular  atrophy  is  thus,  at  least  in  many 
cases,  the  visible  expression  of  a  tendency  to  decay  of  the  whole  motor 
path  from  the  codex  of  the  brain  to  the  muscles 

'/he  weakness  of  8o:n -  parts,  as  the  legs,  with  excessive  myotatic 
irritabihty,  often  going  on  to  spasm,  is  explained  by  the  degcw^ral  ion 
of  the  pyramidal  fibres  for  the  legs,  the  lower  segment  being  unaflfected. 
It  is  easy  to  understand  that  the  affection  of  the  upper  segment,  and 
^capo  of  the  lower,  or  the  affection  of  both,  may  vary  much  in  relative 
extent^  and  give  rise  to  *.he  multiform  varieties  already  mentioned.  In 
such  a  case  the  nerve-cells  for  the  part  thus  paralysed  are  normal. 
This  weakness  of  the  legs  usually  succeeds  the  wasting  in  the  arms, 
and  in  most  cases  in  which  spastic  |:»ara|  >legia  is  followed  by  atrophy 
in  the  arms,  the  lut1c»r  have  not  shared  the  spastic  palsy.  When  this 
condition  is  assoi-^iated  with  sUght  wasting  of  the  legs,  without  con- 
siderable change  in  electrical  irritability,  the  condition  exists  that  we 
have  more  than  once  considered,  in  which  we  must  assume  that  the 
motor  nerve-cells  of  the  cord,  while  structurally  intact,  undergo  slight 
changes  in  nutrition.  In  this  condition  there  are  many  nerve-cells  of 
noi-mal  appearance  in  the  grey  matter;  the  alterations  in  nutrition  are 
too  slight  to  cause  changes  in  aspect,  or  if  there  are  such  changes  we 
have  not  yet  learned  to  detect  them.  They  are  perhaps  reetults  of  the 
degenerative  changes  in  the  termination  of  the  upper  eegment ;  when 
such  degeneration  is  secondary  to  a  focal  lesion  of  the  cord  or  brain, 
the  changes  in  nutrition  of  the  cells  seldom  attain  such  a  degree  as  to 

*  See  eaw  i»abli§hed  by  Mott     Braiti.'  1895. 
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arrest  the  myotatic  irntabilltj,  or  to  cause  wasting  such  as  attends  the 
dGstniction  of  these  cella. 

In  some  cases,  however,  the  muscular  wasting  may  be  great,  although 
the  incivase  of  myotatic  irritabilitv  persists.  In  these  cases,  as  we 
have  seen,  there  is  con sidtsrable  rigidity  of  the  muscles  thronghout  the 
whole  course  of  their  wastiag,  the  condition  that  we  have  termed 
"  tonic  atrophy  *'  In  such  a  coudition  it  is  common  to  find  that  manj 
nerve-cells  have  disappeared  or  are  very  small,  but  others  remain 
normal  or  slightly  changed  in  aspect.  Apparently,  in  addition  to 
the  degeacration  of  the  upper  segment  and  to  the  nutritional  changes 
just  mentioned,  we  have  thea  a  considerable  degeneration  of  many, 
Imt  not  destruction  of  all,  the  elements  of  the  lower  segment.  We 
cannot  regard  this  as  simply  secondary  to  the  degeneration  of  the 
upper  segment,  for  the  reasons  already  giTen.  It  must  be  the 
expression  of  a  distinct  pathological  tendency  similar  to  that  which 
elsewhere  causes  the  atonic  atrophy  and  total  wasting,  but  elighter 
in  extent  and  later  in  time— insufficient  to  pre\^ent  the  less  affected 
cells  from  causing  rigidity  under  the  influence  of  the  degeneration 
of  the  upper  [;egment.  It  is  doubtful  whether  the  tonic  atrophy  ever 
goes  on  to  atonic  atrophy.  Theoretically  conceivable,  it  is  certain 
that  if  it  ever  occurs  it  is  extremely  rare.  Nor  does  it  seem  that  atooio 
atrophy  ever  gives  place  to  tonic  atrophy  with  excessive  myotatio 
irritability.  The  rigidity  of  tonic  atiophy  is  due  to  the  degeneration 
of  the  upper  sfgment,  bnt  the  effect  is  not  produced  if  the  lower 
segment  is  alrea<ly  the  seat  of  such  extensive  degenerative  changes  as 
abohsh  myotatic  irritability.  The  pyramidal  fibres  for  the  parts  that 
are  the  seat  of  atonic  atrophy  are  constantly  found  degenerated, 
although  the  muscles  have  been  flaccid  to  the  last.  In  the  rare  cases 
(mention^^d  on  p.  540)  in  which  muscles  with  atonic  atrophy  become 
rigid  towards  the  end  of  the  process,  it  is  probable,  as  the  tenderness 
suggests,  that  the  rigidity  is  idiopathic,  due  to  the  changes  in  the 
muscles,  and  is  not  dependent  on  the  cetitral  neryous  system,  It  may 
be  the  result  of  the  increase  in  the  interstitial  connective  tissue,  and 
the  longitudinal  division  and  tibriUation  by  which  the  musoiilar 
fascitiuli  come  to  resemble  bundles  of  connective-tissue  fibres.  It  is 
also  possible  that  similar  idiopathic  muscular  changes  may  ultimately, 
in  tonic  atrophy,  maintain  and  increase  the  rigidity  that  is  primarily 
dependent  upon  the  spinid  cord. 

It  has  boun  mentioned  that  the  cases  in  which  the  legs  present 
the  simple  paby  and  spasm,  or  the  tome  atrophy,  which  indicate 
degeneration  of  the  pymmidal  tracts,  have  been  separated  by  Charoot, 
and  termed  "amyotrophic  lateral  sclerosis,"  the  separation  being  based 
on  the  assumption  that  in  such  cases  the  primary  lesion  is  the  degene- 
ration of  the  pyiamidal  tracts,  and  that  the  affection  of  the  grey 
matter  is  secondary  or  **  deuteropatuic/*  even  where  the  atrophy  is 
aU>uic,  We  have  seen  also  that  this  assumption  is  unwarranted  so  far 
as  the  atonic  atrophy  is  concerned.     It  is  probable  that  the  pyramidaj 
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tracts  are  dej^'enerated,  if  not  coustaTitly,  at  any  rate  in  iuch  &  verj 
large  proportion  of  the  cages  of  progreasive  myscular  atropliy,  that 
Charcot's  distinction  ia,  in  effect,  giving  a  new  name  to  an  old  disease, 
and  that  the  sequeiice  is  not  that  indicated  by  the  name.  Whether 
there  are  indications  of  lateral  sclerosis  or  not  depends  on  the 
circumetance  whether  the  degeneration  of  the  pyramidsLl  fibres  is  or  is 
aot  more  extensiTO  than  the  complete  degeneration  of  the  nerve-cells 
that  causes  atonic  atrophy.  If  tht;t  hitter  is  universal  the  pyramidal 
tracts  may  be  totally  degenerated,  and  yet  there  may  be  none  of  the 
^ha^■acte^istic  indications  of  sm-h  degeneration.  On  the  other  hand, 
both  arms  and  legs  may  be  the  seat  of  the  spastic  paralysis  that 
indicates  pyramidal  degeneration,  and  atonic  atrophy  may  be  limited 
to  a  few  muscles  of  the  hands.  Between  these  we  have  every  grada- 
tion, in  degree  and  distribution,  of  atonic  atrophy,  spastic  paralysis, 
and  tonic  wasting. 

The  process  in  the  grey  matter  has  been  regarded  by  some  as  a 
chronic  inflammation.  The  oc^casional  rapid  increase  in  the  symptoms 
may  be  thought  to  be  justification  for  this  yiewj  but  the  process  in 
generaJ  is  at  the  degenerative  e^ctremity  of  the  series  of  nerye  lesions. 
The  principle  involved  in  this  question  has  been  already  discussed, 
and  we  have  seen  that,  whattjver  be  the  nature  of  the  primary  procesSj 
we  must  recognise  secondary  tissue  changes  of  independent  energy, 
and  that  a  distinct  process  of  infiiimmation  m^y  occasionally  form  part 
of  these  (see  p.  443).  The  significance  of  the  occurrence  of  infliimraa- 
tion  may  therefore  e«,sily  be  ovejrated,  so  far  aa  concerns  the  question 
of  the  process,  and  the  lisHue-elements  in  which  the  disease  begins. 

Diagnosis. — The  simultaneous  and  gradual  onset  of  weakness  and 
wasting,  the  slow  but  progressive  increase  and  extension  of  the 
symptomSf  render  the  diagnosis  of  the  developed  malady  simple  and 
easy.  At  the  onset,  when  only  a  single  muscle  or  group  of  muscles  is 
affected,  the  question  arises  whether  the  atrophy  is  local  or  is  the 
commeucement  of  a  wider  affection.  Local  atrophy  is  said  sometimes 
to  occur  from  great  over-use  of  a  muscle,  especially  one  of  the  small 
muscles  of  the  hand ;  but  such  a  cause  is  extremely  rare,  and  only  to 
b^  inspected  on  the  clearest  indications. 

Am  a  rule,  the  local  atrophy  from  which  the  affection  has  to  be  dis- 
tinguished is  that  due  to  disease  of  the  nei-res.  The  wasting  from 
disease  of  single  nerves  or  at  a  plexus  (as  the  brachial)  is  sutficiently 
distiiiguishtHl  !>y  its  limitAfcion,  coupled  with  its  rapid  onset  and 
associated  sensory  symptoms.  Much  more  diflScult  is  the  distinction 
of  some  fornii*  of  multiple  neuritis.  1  he  diificulty  presents  itaclf 
chiefly  in  two  forma .  \  1)  when  the  spinal  affection  begins  as  sub- 
acute atrophic  palsy  (see  p.  544);  (2)  when  neuritis  affects  chiefly 
motor  branches,  aa  in  the  arms  in  lead  poisoning,  or  in  the  legs  in 
alcoholism,  &c.  In  the  Srst  case  it  is  necessary  to  wait  for  signs  of 
slower  wasting  in  other  parts  than  those  first  affected  before  a 
difi^fneMS  can  be  made.     In  the  second,  a  careful  search  will  generally 
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wwmk  other  ^jmyUtrnM  of  Bemitia*  and  s  kaova  omse  k  usually 
obtnisJTe, 

In  pachjmeningitis  of  tlie  eerrkal  region,  witlieonaidenble  damage 
to  the  nerre-Toota,  the  waating  in  the  anna  may  xeaemble  that  of 
pro^rressxTe  maacohur  atroi^j,  and  there  la  often  weakneaa  with 
n^it  T  in  the  l^s ;  hot  the  waating  ia  leas  ehronie  in  onaet,  and  ia 
Ailv-Arc;  jMoompaiiied  bj  distinctiTe  aenaory  ajmpUima, — hjacnte  pains, 
jk3)i  woudlT  bj  annstheaia,  iiregnhur  in  dialribution.  llie  aame  dia- 
Y:».'«:M>3kit  scaffioei  for  the  diagnoaia  in  diaeaaea  of  the  nerre-roota  of  the 
v^i^caa  ^Yuxuk  aa  bj  a  tnmonr.  Thia  maj  canae  alow  waating  in  the 
a;»c^  >u«  i^m«  ia  always  asYere  pain  and  loaa  of  aenaibility.  Chronic 
^i>iwtt»iwinni  smlitia  may  canae  wide-apread  mnacolar  atroj^y,  bat  ia 
JtiM>h|pria?K?^  by  the  presence  of  aymptoma  of  irregolar  damage  to 
vKikMT  ;»Gru«:ittjr^M'  iai  the  cord.  The  diagnoaia  from  ayiingomyelia  will 
be  vvii^^iva  ijQL  th#  aoooant  of  thai  diaeaae. 

Fk»ui  primary  Binnc«]ar  atrophy,  ••  idiopathic  atrophy,"  a  Taziety  of 
**  luihicular  dystrophy^**  aa  it  haa  been  termed,  the  diagnoaia  ia  aome- 
uuM»»  «a*y,  aomeiiiiwa  twt  diffieoli.  It  ia  eaay  in  the  paendo-hyper- 
u\»phicfonB. and  often  abo  in  the  atrophic  Tariety  (the  caaea inidudi 
iiv>  muA;leaare)ar^),ottaecxNintofitachaxBcteriaticdiatribation,ita 
vvume,  the  iig«  at  which  it  begina.  and  the  tendency  to  affect  many 
lueiubeni  of  a  famay,  and  males  mote  than  females— featuea  that  will 
be  pwdeuily  described.  Whenever  mwml  caaea  of  mnacolar  atrophy 
<KVur  ui  a  family,  or  during  childhood  or  youth,  the  probability  is 
givat  that  thcv  aj>)  idiopathic  and  not  apinaL  Indeed,  the  idiopathic 
toriu  w  to  be  suspected  when^Ter  mnacolar  atrophy  begina  under 
twenty.  mUes*  there  are  distinctire  spinal  aymptoms.  But  cases  ax« 
iK^metmic^  met  with  in  which  idiopathic  atrophy  begina  in  adult  life. 
aud  the  distmction  of  such  casea  may  be  ts^^  difficult,  and  will  be 
U.  u  r  uuaerstood  after  a  perusal  of  the  ac-coont  of  that  disease. 

rKo^;.Nosis.~The  progreaaive  charact^  of  the  malady  renders  the 

prv>vMu.s,s.  m  eTerr  case,  grave  and  uncertain.    The  chief  guide  is  the 

obs.  rved  tend^^ncy  of  the  morbid  process,  both  the  fact  of  its  actual 

a.  v;uuv  and  the  energy  it  manifests.     At  the  aame  time  there  is  a 

^I^  nf    ♦   '^*''^'  ^^^  ^  ^ddle  life  than  in  old  age.     Some  in- 

timtlf tfr^iT^^  ""  ^^  ^^  »^«^^  ^^^  ^J  «^  *o'  *  «^«rt 

wastin J  lin    ^''^"  '"^  ^^"^  «^^  has'ceased  to  spiead-ihe  muscubir 

bave  aWy^trv^''\    '^  ^""^Ponds  to  the  changes  in  the  nerres  that 

in  the  cases  iTtl-r^-     The  prospect  of  arrest  aeems  to  be  greater 

simultaneous  on  i^^^^  *^®  tasting  is  strictly  ^mmetrical  and  nearly 

and  attacks  the  7^  *^^^^  ^^^  ^  ^^^  ^  ^^^^  ^^  ^  irregular. 

the  first      Sr>n  f  ^^^^  "^^^  ^^^en  it  has  attained  a  marked  degree  in 

"  an  adv      i?^^"  cessation  unfortunately  addcnn  tenda  to  occur 

may  tiSr     ,  '^^  ^  reached;  but,  aa  the  resolt  of  treatment, 

•^  to  tt  ^^  ^^  ^^^  ®^*^-    '^^  danger  to  life  is  chiefly  pro 

^*^  ii^terf  erence  with  the  muscles  of  resi»ration,  and  to 

ot  implication  of  the  medulla.    Bolhar  fymptoma 
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IBcreaae  the  gravity  of  the  prognosis,  especiallj  when  definite  weak- 
can  be  recognised.  Slight  Tague  dlffieultj  in  articulation  mnj 
stationary  for  years,  and  does  not  necessarily  render  itu^ 
prognoflis  worse^  especially  if  the  atrophy  elsewhere  does  not  increaad 
rapidly.  If  the  uudady  ceases  to  advance,  the  prospect  of  any  recovery 
depends  on  the  rate  at  which  the  disease  has  progie^sed,  KeC4?nt 
rapid  loss  of  power  may  be  to  some  extent  recovered  from,  especially 
when  the  ir.uscles  present  the  degenerative  reaction.  Wasting  tint 
has  erisled  for  six  months  will  prolmbly  persist  unchanged.  In  a 
typical  chronic  case  there  is  little  hope  of  any  actual  recovery  of  tissue 
or  power.  The  effects  depend  on  a  slow  destruction  of  nerve-elemeutay 
the  renewal  of  which  seems  to  be  impossible. 

TaKATftf  ENT. — The  first  important  element  is  to  secure  farorable  con- 
ditions of  Hfe,  and  to  maintain  the  general  health  in  as  perfect  a  state 
as  possible.  Freeh  air  and  gentle  exercise  are  important,  but  all 
fatiguing  exertion  should  be  avoided,  and  likewise  all  mental  strain. 
When  the  patient  becomes  helpless,  great  care  is  necessary.  Bedsores 
in  this  disease  mean  inattention,  and  may  always  be  avoided. 

Only  one  method  of  treatment  has,  in  my  own  experience,  shown 
itself  capable  of  arresting  the  dii^oase,  not  indeed  in  all,  but  in  more 
than  half  the  cases  in  which  it  has  been  employed.*  It  is  the  admin- 
istration of  strychnia  by  hyijodennic  injection.  In  seven  almost  con- 
Becutive  cases,  in  middle  life,  this  treatment  has  been  followed  by 
arrest  within  a  month  of  its  commencement,  and  the  arrest  has  been 
permanent  in  all  the  cases  but  one.  In  the  senile  cases  the  treatment 
has  failed,  but  in  most  of  them  the  disease  was  in  tin  advanced  stage, 
and  the  lumbar  cord  had  begun  to  suffer.  In  some  of  the  cases 
in  which  the  result  was  prompt  and  distinct,  strychnia  given  by  the 
month  had  failed.  It  is  conceivable  that  the  different  result  is  due 
to  the  fact  that  the  agent  is  brought  into  more  rapid  contact  witii  the 
nerve-elements,  perhaps  in  purer  form.  Its  action  may  possess  greater 
momentum,  as  it  were,  and  may  thus  exert  an  influence  on  de  nutrition 
of  the  nerve-elements  much  more  considerable  than  when  it  is  slowly 
absorbed  from  the  alimentary  canaL  One  injection  daily  has  been 
given,  at  any  convenient  place.  The  nitrate  is  the  most  convenient 
salt,  one  fiftieth  of  a  grain  at  first,  quickly  increased  to  one  twentieth 
or  one  fifteenth.  The  injections  need  to  be  continued  for  months. 
When  the  malady  is  apparently  arrested,  it  is  well  to  intermit  the 
injections  for  one  week  in  three  or  four.  Other  nervine  tonics  seldom 
exert  a  distinct  infiuenoe,  but  those  that  are  useful  in  other  degem^ra- 
tive  diseases,  as  tabes,  such  as  arsenic,  may  be  given  by  the  mouth  at 
the  same  time  as  the  injections  are  employed.      In  a  malady  so  grave 

•  Al  fint  i  regarded  ibe  spfftrent  mult  «rtih  dottbt,  but  c«r#f»l  mnd  rep«iite>l 
oWrviitioiit  bMve  tnmla  it  tuipo^Aibla  to  consiUer  the  «rre»t  of  the  iltawnM  m  oilier 
than  ih«  dlr««t  «(r«ct  ot  the  treatment.  It  maj  b«  aaki-d.  Why  ibould  not  ■  iMfcrr 
doac  by  tb«  motilh  b«  •(^uAlly  alTiicLivtf  f  It  doea  not  a«em  ta  b«.  ii  tb«  odI;  ■utri.er 
tl**t  cah  b49  givotu 
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it  is  desirable  ta  neglect  notMiig  that  may  possibly  exert  *  beneficial 
influenod. 

Local  treatment  of  the  muscles  has  very  little  inflnence  on  the 
waRting,  as  maj,  indeed,  be  expected  from  its  nature.  The  most 
sedulous  and  skilful  use  of  electricity,  roltaic  or  faradic,  fails,  as  a 
rule,  to  produce  alone  any  effect  on  the  course  of  the  diseaee.  If  the 
malady  is  progressing  at  the  same  rate  in  e:ich  arm,  and  the  muscles  of 
one  arm  are  regularly  treated  with  electncity,  while  those  in  the  other 
arm  are  left  alone,  no  differeui'e  can  be  detected  in  the  rate  of  wasting 
on  the  two  sides,  It  is  possible,  nevertheless,  that  electricity  some* 
times  does  a  little  good.  In  aises  in  which  a  rapid  loss  of  power  has 
occurred,  and  weakness  is  out  of  propoilion  to  the  wasting,  some  re* 
ooTery  is  possible,  and  there  is  no  doubt  that  the  excitability  of  the 
muscular  tissue  is  maintjiined  foraLmger  time  by  gaWaiiism,  although 
the  bulk  of  the  muscle  may  not  be  influence.  In  other  cases  all  that 
can  be  said  is  that  the  influence  of  electricity,  properly  applied,,  is  in 
the  right  direction.  Moreover  the  disease  is  one  of  those  in  which 
patients  find  it  hard  to  beliere  that  electricity  cannot  help  them,  ajicl 
the  probability  is  that  their  conviction  will  be  fostered  by  some  medical 
adviser.  It  is  one  of  the  diseases  in  which  unjustifiable  assertions  are 
too  often  moxie  that  early  olectricAl  treatment  would  have  been  sue- 
oessfuL  It  may  be  weU,  therefore,  if  only  to  satisfy  the  patient  that 
nothiug  has  been  left  nntriod,  that  a  careful  course  of  electrical 
treatment  should  be  adopted.  Faradism  may  be  used  if  the  muscles 
are  sensitive  to  it,  but  if  they  present  any  greater  irritability  tn 
Yoltaism  it  is  better  to  use  this.  It  is  immaterial  whether  the  appli- 
cation be  confined  to  the  muscles  or  wh<^ther  one  elect rcnie  V»e  placed 
over  the  affected  part  of  the  spinal  cord.  The  Utter  method  has  no 
disadvantages,  but  my  own  observations  have  failed  to  confirm  the 
confident  statements  sometimes  made  regarding  its  superiority.  It  is 
very  important  that  the  current  strength  employed  should  be 
moderate.  Strong  applications  often  cause  much  subsequent  pain, 
tJkd  even  increased  disability,  and  should  be  carefully  avoided.  I 
have  known  a  rapid  increase  of  weakness  follow  a  strong  application 
in  A  way  that  convinced  the  patient,  at  least,  that  the  two  were 
connected. 

Bubbing  and  massage  of  the  muscles  have  been  frequently  employed, 
and  of  this  treatment  also  it  may  be  said  that  its  influence  is  in  the 
right  direction,  although  usually  inappreciable  so  far  ae  the  muscuJar 
atrophy  is  concerned.  Combined  with  passive  movement,  the  influence 
of  rubbing  in  preventing  and  diminishing  deformities  is  more  distinel, 
No  special  bath  treatment  is  of  service.  Wlien  the  disease  occurs  in 
the  subjects  of  syphilis,  specific  treatment  invariably  fails,  and  I  have 
even  known  the  progress  of  the  disease  to  be  distinctly  aceeleratwi  by 
an  energetic  course  of  treatment  both  with  iodide  and  with  mcrcuiy. 
It  is  important  that  all  treatment  should  be  pursued  in  moderation, 
and  that  its  effects  should  be  carefully  watched* 
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Abthsitio  Mugcui^AB  Atbofht. 

Articular  inflammatioii  is  almost  invariably  attended  witli  mpid 
wastmg  of  the  muacles  that  mo  ye  the  joint.  Thia  occuni  equally, 
whatever  be  the  cause  of  the  inflammation,  and  whether  this  is 
spontaneous  or  traumatic.  It  attends  chronic  as  well  as  acute  infiam- 
matiouB,  and  oocura  in  animals  if  joint  inflammation  is  produced  in 
them.* 

The  muscles  that  waste  are  chiefly  those  which  extend  the  affected 
joint.  The  atrophy  is  well  seen  in  the  muscles  in  front  of  the  thigh 
when  the  knee  is  inflamed.  If  the  ankle  is  affected,  the  calf  muscles 
chiefly  waste ;  if  the  hip,  the  glutei ;  if  the  wrist,  the  extensor  muscles  of 
the  forearm;  the  triceps  when  the  elbow  is  affected  ;  the  deltoid  when 
the  shoulder- joint  ia  inflamed.  In  rheumatoid  arthritis  of  the  finger- 
joints  such  wasting  is  usually  very  conspicuous  in  the  iuterossei,  and 
especially  in  the  abductor  inditis.  The  atrophy,  however,  soraetimes 
involves  the  flexors  as  well  as  the  extensors,  and  rarely  muscles  of  the 
limb  that  are  near  but  do  not  move  the  affected  joint.  In  very  rare 
cases  all  the  muBcles  of  a  limb  have  presented  some  wasting.  Cases 
in  which  the  atrophy  is  unusual  in  distribution,  and  especially  when 
it  is  on  the  distal  siJe  of  the  affected  joint,  must  be  regarded  with 
some  suspicion,  l>ecau8e  inflammation  may  have  spread  from  the  joint 
to  a  nerve,  and  distant  wasting  may  have  been  thus  produced.  It  is 
said  that  there  is  sometimes,  at  the  ouset,  a  considerable  weakening 
of  the  muscle,  interfering  with  movement  more  than  c^an  be  accounted 
for  by  the  pain  in  the  joint  which  movement  causes,  and  that  su<?h 
initial  palsy  is  transient  (Yaltat,  Duchenne).  But  the  pain,  by  its 
inhibitory  influence,  usually  obscures  such  palsy,  which  is  indeed  con- 
fessedly rare. 

The  atrophy,  on  the  other  hand,  may  be  reg-arded  as  almost  con- 
stant. If  the  onset  of  the  joint  affection  is  acute,  the  wasting  occurs 
rapidly ;  in  &  week  or  ten  days  a  difference  in  the  circumference  of 
the  limb  may  be  detected  by  measurement.  However  long  the  affected 
muscle  may  be, the  wasting  involves  the  whole  length  of  it,  and  not 
mei-ely  the  part  in  the  neighbourhood  of  the  diseased  joint.  The 
degree  varies ;  usually  moderate,  and  Bometimes  slight,  it  is  occa- 
sionally considerable,  so  that  the  femur  may  be  readily  felt  when  the 
quadriceps  femoris  is  the  seat  of  the  wasting ; .  or  the  head  of  the 
humerus  may  be  distinct,  and  the  acromion  prominent,  if  the  deltoid 
is  affected.  Although  the  whole  length  of  the  affected  muscle  is 
always  involved,  if  the  muscle  is  a  wide  and  compound  one  some 
parts  may  suffer  chiefly*     Thus  in  the  thigh  all  parts  of  the  extensor 

•  V*lUt,  *Arcbivet  g^ii^rnlea/  1877»tome  xxz  i»p.  159  tnd  321.  Tli©  lubjL'ct 
boi  been  disciisB*Ml  by  Vulpian  (•  Legous  *tir  TApp.  Vwo-motctir/  1876,  t.  ii)  nnd  by 
Paget  (*  Lanret/  1873,  vol.  ii,  pv  727,  ia  a  lecture  repubiislied  in  '  Clinictil  Lectu^-vt 
ADd  EsBayn,'  1«75,  p.  2<J8), 
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may  wast^  equally,  or  the  rectiiB  or  T&stuB  Lntemfis  nuij 
than  the  other  partfl.  The  wast  Log  mcretuset  daring  two  or 
weaka,  then  becomea  gUtionary,  but  coattnoea  fti  long  as  tbt  }otAt 
dUeasd  lasta.  Wben  the  joint  has  FeooTerod,  Uie  anudei  in  most 
casefi  slowly  regain  their  normal  aize.  OccuooaUT,  eepeeiallj  wlntii 
the  arthritia  has  lasted  a  long  time,  the  waatinf?  maj  oontmoB  far 
montha  or  years  after  the  joint  diaeaae  ia  at  an  end. 

The  ek<  triial  irriUibility  of  the  atrophied  moaclea  may  be  BomAl. 
but  is  often  slightly  lowered,  equally  to  faiudiam  and  Toltaiam.  Tlie 
change  is  trifling,  to  be  recognised  only  by  oompariaoa  with  the  olhcr 
side.  There  is  generally  a  distinct  and  sometimes  ft  eoomderable 
local  increase  in  myotatic  irritability;  the  knee-jerk  la  exoeeaiTe  H 
the  thigh  muscles  are  affected,  and  a  rectus-donua  can  ■ometiznea  be 
obtained.  A  foot-clonus  may  be  elicited  when  the  ankle-joint  ia 
affected.  Occasionally  the  increased  irritability  extends  beyond  the 
region  of  atrophy,  so  that,  for  instance,  a  foot-donus  may  be  obtaint^ 
when  the  knee-joint  and  thigh  muscles  are  affected,  although  then  im 
no  wasting  bt>low  the  knee.  As  an  example  of  this,  which  illustimtee 
also  the  occasional  persistence  of  the  atrophy,  may  be  mentiotied  Ihe 
case  of  a  young  man  who  jumped  orer  a  hoarding  and  twisted  hia  Irfi 
leg  in  doing  so.  He  felt  immediately  serere  pain  in  the  knee,  the 
joint  quickly  swelled,  and  became  the  seat  of  an  acute  inflammatitm 
which  lasted  for  several  weeks^  and  then  slowly  subsided.  During  tb» 
inflammation  the  thigh  wasted.  I  saw  him  two  yean  after  the  onset, 
and  there  was  still  considerdble  wasting,  involving  the  whole  of  the 
extensor  of  the  knee.  The  minimum  circumferen«>e  of  the  left  thi^b 
above  the  knee  was  three  quarters  of  an  inch  less  than  that  of  t  he 
right,  although  there  was  no  difference  between  the  two  legs  below  t  he 
knee.  There  was  a  slight  diminution  in  faradic  and  voltaic  irritability 
in  the  affected  muscles.  The  knee-jerk  was  much  more  eonsideraltla 
on  the  left  than  on  the  right  side,  and  there  was  well- marked  foot- 
clonus  in  the  left  leg,  but  none  in  the  right.  A  year  and  a  half  later 
the  symptoms  were  unchanged.  Very  rarely  some  contracture  occurs 
in  the  oppiouents  of  tlie  atrophied  muscles.  Sensory  symptoms  aie  a* 
a  rule  absent,  but  there  may  be  slight  tingling  in  the  sldn  during  the 
acute  stage  ;  it  is  said  that  areas  of  amesthesia  sometimes  devL-k»p,  but 
probably  in  such  cases,  inflammation  haa  extended  to  a  nerve  in  the 
Ticinity  of  the  joint. 

pATHOLOQT. — Few  facts  have  been  aao^tained  regarding  the  con- 
dition  in  man.  In  one  case,  carefully  inrestigated,  the  only  diange 
was  iu  the  muscles,  and  consisted  merely  in  a  narrowing  of  the  fihrce, 
one  half  of  which  were  below  the  normal  average,  while  no  leai  Utan 
84  per  cent,  fell  short  of  a  standard  which,  in  health,  only  21  per  oe&U 
failed  to  reach.*  A  few  presented  longitu<linal  striatjon  (as  in 
Pig.  150),  and  some  of  normal  width  were  uuduly  tortuoua;  other- 
wise their  aspect  was  normaL  The  sheath  nuclvi  were  proltfnmled  im 
•  Dsrk»cbowiucb, '  N«ar.  C«nt./  189U  P*  ^9. 
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plaxies,  and  apart  from  this  change  the  intermediate  substance  pre- 
iented  local  increase  in  quaotitj,  especially  where  the  fibres  were 
narrower  than  normal.  This  observation  agrees  with  those  that  have 
been  made  oa  animals,  in  which  the  condition  has  been  produced,  and 
in  them,  moreover,  the  motor  nerves  have  been  found  normal 
(Yaltat).*  Indications  of  inflammation  have  been  found  in  the  joint 
nerveSjt  as  might,  indeed,  be  expected,  whatever  tiie  m.echaniam  of  the 
atrophy.  Tisible  changes  in  the  spinal  cord  have  never  been  discovered » 
but  this  does  not  exclude  nutritional  changes. 

We  may,  therefore,  exclude  from  the  possible  causes,  all  forms  of 
motor  neuritis,  both  eimultaueous,  due  to  the  cause  of  the  joint 
iiiflamraation,  and  consecutive,  comjnunicated  to  the  adjacent  nerve 
from  the  joint.  The  latter  (a  secondary  extension  of  inflamnmtion 
to  the  nerve)  would  manifestly  not  explain  the  affection  of  the 
whole  of  a  muscle  on  the  proximal  side  of  the  affected  joint — as, 
for  instance,  atrophy  of  the  whole  extensor  in  arthritis  of  the  knee — 
although  the  extension  does  occur,  and  must  be  recognised  as  an 
occasional  event,  J  We  must  also  recognise  the  possibility  of  a  simul- 
taneous neuritis,  with  acute  changes  in  the  nerve-fibres,  manifested 
by  the  reaction  of  degeneration  in  the  muscles.  The  event  is,  how- 
ever, exceptional.  It  is  certainly  separable  and  to  be  separated  from 
the  common  arthritic  atrophy ;  but  it  is  not  easy  to  keep  apart  the 
two  varieties  of  neuritis — ^the  simultaneous  and  the  consecutive — 
when  a  case  is  seen  only  long  after  the  onset,  because  a  neuritis  that 
arises  by  extension  may  travel  along  the  nerve  and  present  an  ulti- 
mate distribution  quite  different  from  that  which  it  possessed  at  tlie 
onset. 

For  ordinary  arthritic  atrophies  we  must  seek  some  other  explana- 
tion. The  nature  of  their  cause  long  ago  suggested  to  Paget  a  *'  reflex 
influence  *'  on  the  muscles  as  the  probable  mechanism,  and  Vulpian 
and  Charcot  have  suggested  a  similar  hypothesis,  assuming  a  derange- 
ment of  the  nutrition  and  influence  of  the  motor  cells  of  the  cord,  to 
be  deteiTnined  by  the  morbid  impulses  from  the  joint  nerves,  and  to 
determine  the  alterations  in  the  muscles.  The  theory  receives  impor- 
tant support  from  the  fact  that  the  wasting  of  the  muscles  is  pre- 
vented by  previous  division  of  the  posterior  spinal  roots  (Eaymoud), 
which  amounts,  indeed,  to  an  indirect  demonstration  of  the  fact  that 
a  reflex  process  §  underlies  the  phenomena.  It  b  doulitful  whethrr 
we  can  go  much  further  than  this.  By  preceding  hcBiisection  of  the 
cord  it  is  increased  on  the  side  of  the  operation  j  but  the  conditions 

•  Viiltat,  '  De  I'Atropbie  Muic,  &c.,'  Parii,  1877.  S«e  bUo  Derocb^  •  fitnde 
cliu.  et  exp.,'  Puria,  1890, 

t  See  Dyplwy  unci  Ca*ia» '  Arcb.  gin./  Jantiijy,  1891. 

X  ^'g.  to  the  alnar,  ia  rbi^nniatiiHl  arthritim  of  the  band  (Buryj  'Med.  CIiroB./ 
1S88,  p.  182).  Sm  on  tbit  subject  A.  E.  (Jarrod,  'Med.-Ghir*  Tram..'  Ixxi,  265; 
aUo  Pitret  fetid  Vailkrd,  •  Rev.  do  Med.,'  1887,  No.  6, 

§  11  .yiMo«d, '  R©v.  de  M6d./  18&0,  374. 

VOL.  1.  36 


562 


SPINAL   CORD. 


are  liere  more  complex,  and  tlie  demonfltration  of  the  reflex  relation 
less  aimple,  than  in  the  result  of  division  of  the  roots. 

The  increased  knee-jerk,  &c.,  that  attend  the  wasting,  and  the 
curious  fact  that  arthritis  may  set  up  a  degeneration  of  the  spinal 
cord,  apparently  beginning  in  the  termination  of  the  pyramidal  fibres 
(see  p.  403),  should  be  kept  in  mind.  They  are  certainly  significant, 
and  suggest  that  the  influence  from  the  joint  nerves  acts  on  the  **  con- 
tpolling  structure  "  of  the  muscle-reflex  centre  (see  p.  240)  ;  but  more 
facts  are  needed  Ix-fore  a  valid  hypothesis  can  be  framed. 

DiAONOSis. — The  moderate  degree  of  the  wasting,  with  correspond- 
ing change  in  electrical  reactions,  coupled  with  the  wide  extent  of 
the  alteration,  embracing  the  whole  of  the  mtiseles  involved,  constitute 
a  distiuctive  chaxacteristic^-distinctive,  at  least,  when  taken  in  con- 
nection with  the  preceding  joint  affection  which  is  the  cause  of  the 
atrophy.  A  primary  neuritis,  causing  secondary  arthritic  adhesions. 
has  its  own  features — their  wider  range,  so  far  as  function  is  concerned, 
and  especially  their  limitation  to  nerve  distribution.  Hardly  any  other 
malady  is  likely  to  be  confused  with  it,  except  some  graver  diseaae, 
while  still  in  an  early  stri  -^  ;  but  such  an  affection  can  only  be  dift- 
tinguished  by  waiting  until  the  nature  of  the  malady  has  had  time  to 
show  itself. 

pBOosroais. — When  the  inflammation  of  the  joint  is  brief  in  dar^ 
tion,  recovery  of  the  muscles  may  be  anticipated  with  confidence. 
In  children,  even  after  prolonged  joint  disease,  the  muscles  usually 
regain  their  normal  bulk.  In  adults  the  wasting  often  lasts  for  a  long 
time  after  the  joint  is  well,  and  a  cautious  prognosis  should  be  given 
if  the  arthritis  has  lasted  long.  Even  if  slight  wasting  is  persistent, 
normal  power  is  usually  recoTered ;  but,  as  the  case  mentioned  above 
shows,  the  symptoms  sometimes  continue  for  years.  The  prognosis 
should  be  especially  cautious  where  there  is  a  marked  increase  in 
myotatic  irritability,  or  if  the  atrophy  shows  a  disposition  to  involve 
other  muscles  of  the  limb  than  those  concemed  in  moving  the  affected 
joint. 

Treatment.— The  chief  treatment  is  local, — electrical  stimulation 
of  the  muscles,  and  gentle  rubbing.  It  is  doubtful  whether  drugs 
have  any  influence  on  the  condition,  but  small  doses  of  strychnia  mar 
be  given,  or  added  to  whatever  agent  is  given  for  the  joint  affection. 
As  long  QM  the  joint  is  inflamed,  treatment  rarely  c^LUses  any  increase 
in  the  bulk  of  the  muscle.  It  is  of  great  importance  to  secure  the 
early  recovery  of  the  joint,  and  to  avoid  all  influences  that  cause  pain 
in  it,  since,  as  we  have  seen,  it  is  apparently  through  the  sensorv 
nerves  that  the  joint  affection  exerts  its  injurious  influence.  When 
the  arthritis  has  ended,  the  muscles  usually  recover  slowly  without 
assistance,  but  it  is  probable  that  the  k»cal  treatment  accelerates  the 
process.  The  form  of  electricity  is  of  little  consequence;  either 
faradism  or  volt^iism  may  be  employed,  hut  snould  only  be  used 
in  sufi^cient  strength  to  cause  gentle  contraction.    The  muscles  aot 
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rcadilj  to  faiudism,  ajid  a  mild  faradic  current  is,  a«  a  rule,  the  best 
to  employ,  AH  pamfiil  af imtilation  of  the  seiiBory  nerrea  Bkould  be 
avoided. 

Muscular  Ateofht  tbom  Otir-t-tb. 

Muscles  that  are  much  used  aometimea  waste.  The  effect  is 
Been  moat  frequcDtly  in  the  small  muscles  of  the  hand,  eopecially 
in  persona  of  wwikly  constitution,  who  use  these  muscles  imdulj. 
Tlm«  a  young  lady  devoted  many  hours  a  day  to  "  illuminating/' 
during  several  years,  and  then  some  muscles  of  the  thenar  emioenoe 
began  to  wast^,  and  became  considerably  atrophied.  Such  wasting 
is  scarcely  ever  met  with  in  the  larger  muscles,  liUt  has  been  observed 
in  the  biceps,  consecutive  to  hypertrophy,  in  Sheffield  smiths 
(Frank- Smith  J.  The  electric  irritability  is  gradually  lowered  in  this 
local  wasting,  equally  to  both  currents,  as  it  ie  in  progressive  muscular 
atrophy.  We  do  not  know  whether  this  wasting  from  over-uee  is 
purely  local,  or  wheiher  the  related  ganglion^cells  of  the  spinal  cord 
fail  first,  and  the  muscular  wasting  is  secondary  to  their  atrophy. 
Gull  said  many  yea.rs  ago,  ** it  is  as  reasonable  to  infer  a  lesion  of  the 
grey  matter  from  overwork  as  of  the  muscles."*  The  waiting  often 
jx^rsists  when  the  over-use  of  the  muscles  is  discontinued.  Hyper- 
trophy from  over-use  does  not  usually  give  place  to  atrophy.  These 
two  facts  are  somewhat  in  favour  of  the  view  that  the  lesion  is 
primarily  of  the  nerve-cells.  The  wasting  in  these  cases  shows  no 
tendency  to  extension  beyond  its  original  limits.  The  treatment 
m,  first,  the  cessation  from  the  excessive  exertion  of  the  muscles; 
secondly,  the  improvement  of  the  general  health,  and  the  adminis- 
tration of  nerve  tonics,  especially  of  etrychnine ;  and  thirdly,  the 
gentle  electrical  stimulation  of  the  muscles  by  either  faradi^m  or 
voltaism. 


THE    MUSCULAR   DYSTROPHIES. 

Idiopathic  atrophy,  which  ie  primarily  muscular,  although  it  is  not 

one  of  the  diseases  of  the  nervous  system,  is  commonly  described  with 
tbem,  because  it  frequently  presents  so  close  a  resemblance  to  the 
spinal  atrophy  just  described  as  to  be  distinguished  with  some  diffi- 
culty. Moreover,  even  the  varieties  that  do  not  present  this  close 
resemblance  were  for  a  time,  and  indeed  until  lately,  believed  to  be  of 
central  nature,  to  depend  on  the  spinal  cord,  and  to  be  rightly  included 
among  its  diseases.  Hence  the  custom  of  thus  describing  them  has 
become  established,  and  has  now  to  bo  followed,  although  we  know 
tliat  it  is  based  on  a  mistaken  theory.    At  the  same  time,  not  only 
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has  the  method  the  advantage  of  conrenience,  but  it  has  also  aome 
meaaure  of  scientific  juBtification,  The  muscles  are  more  closely 
allie*i  to  the  nerves  than  to  any  other  structures,  as  regards  both 
physiological  properties  and  pathological  susceptibilitj,  and  it  is 
doubtful  whether  anj  other  association  would  better  befit  these 
diseases. 

The  idiopathic  myopathies  have  received  miuch   attention  during 
the  last  few  years,  and  many  new  facts  have  been  ascertained  with 
reigfurd  to  the  different  varieties  and  their  relations  to  each  other.     The 
ii^atise  by  Erb*  has  had  the  effect  of  giving  unity  and  cohesion  to 
what  was  formerly  a  collection  of  disconnected  types,  and  has  con- 
duaively  demonstrated  the  essential  identity  of  the  different  varieties 
hitherto   described.      The   so-called  pseudo-hypertrophic    variety   of 
muscular  affection  has  b<3en  recognised  under  this  name  ever  sinoe  its 
graphic  description  by  Duchenne.f    The  features  of  this  were  muscular 
weakness  associated  with  enlargement  of  muscles,  sometimes  a  few, 
sometimes  many.     He  also  described  in  the  same  work  J  another  form 
of  paralysis  which  he  supposed  to  be  similar  in  its  etiology  to  the 
progressive  muscular  atrophy  of  adults,  and  which  he  named  *'  atrophie 
musculaire  progressive  de  I'enfance.'*     This    was   characterised   by 
wasting  of  the  muscles  of  the  face  as  well  as  of  the  limbs,  and  also  by 
its  tendency  to  affect  more  than  one  member  of  a  fam^ily.     Iieyden  in 
1875  §  proposed  to  separate  the  hereditary  forms  of  muscular  atrophy 
from  those  of  the  Aran-Buchenne  type.     He  pointed  out  that  the 
hereditary  form   tends  to  commence  in  early  life,  to  affect  several 
members  of    the  same  family,  especially  the  males,  and  ho  directed 
attention  to  the  resomblanoe  between  the  hereditary  form  and  the 
pseudo-hypertrophic  of  Duchenne,      In  1879  ||  Gowers  in  a  clinical 
lecture  gave  a  full  description,  from  numerous  clinical  observations,  of 
pseudo-hypertrophic  paralysis,  and  also  set  out  all  that  was  known  of 
its  pathological  anatomy,  and  in  this  lecture  clearly  recognised  that 
hypertrophy  and  atrophy  may  be  combined  in  different  proportions, 
and  that  there  are  cases  that  connect  the  two  extremes — in   some 
enlargement  of  many  muscles^  in  others  wasting  in  all.     Such  a  view 
affords  a  glimpse  of  the  group  which  Erb  If  afterwards  clearly  outlined 
under  the   name  of   the   ''juvenile  form   of  progressive   muscular 
atrophy/' 

From  a  consilemtiou  of  the  characters  and  histories  of  these  cases 
Erb  concluded  that  the  three  varietiea^ — ^the  juvenile  form,  the  here- 
ditary form  of  Leyden,  and  pseudo-hj'pertrophic  paralysis — were  all 
varieties  of  one  condition,  for  which  he  proposed  the  designation 

•  'Dyatrophia  mnsdiilaria  progrewivA/  Leiptlg,  1891* 

f  ■  Electrisation  Iocb,\U6/  3rd  edit,,  p.  595, 

t  Ibid.,  p.  618, 

§  '  Ktmik  der  RQck.  Emnk./  ti,  p.  626. 

II  *  Lt«nc«t,*  18T0. 

f  '  Deutuch.  Arch,  t  klin.  M«d/  B4,  MXiv^  ■.  457. 
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"  dyslrophia  muscularia  progressiva."  The  next  important  step  in  the 
development  of  our  knowledge  took  plac«  in  18F5,  when  Landouzy 
and  Dt'jerine  published  *  an  exhaustive  paper  on  what  they  named 
"Myopathie  Atrophique/*  It  dealt  with  observations  of  an  eiceed- 
inj^ly  interest  Jig  group,  the  essential  characteristics  of  which  were 
wide-spread  muscular  atrophy  commencing  in  the  face,  and  without 
hvpertrophj.  These  cases  were  really  identical  with  those  descritjed 
by  Duchenne  aa  "atrophic  musctdatre  progressive  de  Tenfauce/'  but 
the  lat*jr  observers  completed  the  description  by  the  discovery  from 
puiit-moitt'm  examination  that  it  did  not  depend  upon,  nor  was  it 
associated  with,  changes  in  the  spinal  cord,  but  that  it  was  a  muscular 
affection  without  dett-ctable  nervous  lesions.  They  regarded  their  cases 
as  constituting  a  distinct  and  sepamte  variety  of  myopathy,  reiving 
upon  the  commencement  in  the  face  and  the  absence  of  hypertrophy, 
and  they  refused  to  recognise  the  essential  identity  of  their  cases  with 
thuse  of  Erb,  in  spite  of  the  fact  that  in  one  of  their  quoted  cases  the 
face  was  not  affected,  and  considerable  enlargement  of  the  calves,  if  it 
was  not  present  at  the  time,  had  been  a  few  years  before. 

The  latest  and  most  important  contribution  to  the  elucidation  of 
tliig  disease  is   the  work  of  Erb  already  alluded  to.f      In  this  he 
subjects  to  close  examination  numerous  clinical  records  of  cases  of 
the  different  varieties  already  referred  to,  and  makes  it  clear  by  the 
observation  of  cases  of  different  types  among  members  of  the  same 
family^  by  the  description  of  cases  which  form  distinct  connecting  links 
between  the  different  varietiea,  and  by  the  observation  of  the  histo- 
logical conditions  in  the  affected  muscles,  that  all  four  varieties— 
pseudo'hypc^rtrophic  paralysis,  the  juvenile  form  of  Erb,  the   Lan- 
duuzy-Dejerine  type, — identical  with   the   atrophic  musculaire   pro- 
gressive de  I'enfance  of  Duchenne — are  but  branches  of  a  parent  stem, 
and  essentially  the  same  disease.     He  proposes  a  division  into  two 
main  groups,  viz.    (1)  children,  (2)  adults;   and  in  the  former  he 
would  distinguish  two  varieties,  the  hypertrophic  and  the  atrophic. 
In  the  hypertrophic  he  would  further  distinguish  thoiic  with  pseudo- 
hypertrophy and  those  with  true  hypertrophy,  and  in  the  atrophic 
variety  those  with,  and  those  without  involvement  of  the  face.    Such  a 
division  is  of  course  an  arbitrary  one,  for  even  between  the  two  chief 
varieties  no  hard  and  fast  Line  can  be  drawn  ;  and  the  same  is  true  in  a 
greater  degree  of  the  minor  divi*iions.      It;  has,  therefore,  seemed  best 
to  describe  the  disease  on  the  same  lines  as  have  been  followed  in 
previous  editions  of  this  book,  with  a  due  recognition  of  the  fact  that 
any  particular  case  met  with  may  partake  of  the  characters  of  simple 
atrophy  and  also  of  pseudo-hypertrophic  atrophy,  and  indeed  may  at 
one  time  be  regarded  as  belonging  to  one  group,  and  at  another  to  the 
other. 

All  the  diseases  of  this  class  seem  to  depend  on  a  defective  tendency  in 
•  *  Rev.  d«  M^eciiu'/  1865. 
f  *  l}yiiiro|»Uia  muituUri*  progreMivV  I*ip»ig»  189l» 


om 


8PtNAL   COED. 


the  deTelopment  o£  the  germinal  tiBsiie  which  forms  mnscles ;  thej  aro 
essoutinUj  congenital  diseases.  Although  thej  are,  in  most  cases* 
merely  potential  maladies  at  the  time  of  birth,  and  sometimes  for 
years  afterwards — even  occasionally  during  a  considerable  part  ol 
life, — the  morbid  tendency  does  sometimes  attuin  actual  development 
in  the  earlier  years.  But  we  know  nothing,  or  almost  nothing,  at 
present,  of  any  other  cause  than  this  developmental  tendency ;  w© 
know  nothing  of  these  diseases  as  acquired  maladies,  the  reeult  of 
influences  acting  on  a  healthy  and  normal  organism. 

Another  fact  of  their  general  pathology  is  analogous  to  that  which 
we  have  already  consideri  d  in  connection  with  developmental  diseases 
of  the  central  nervous  system.  It  depends  on  the  double  constitution 
of  muscular  as  of  nervous  organs,  on  the  presence  of  interstitial  con- 
nective tissue  between  the  contractile  eleme-nts,  and  on  the  relation  of 
both  to  trophic  tendencies.  An  overgrowth  of  the  interstitial  tissue 
may  concur  with  wasting  of  the  fibres,  and  this  overgrowth  may  be 
abnormal  in  its  features.  Hence  Erb  has  chosen  the  term,  already 
referred  to,  "  muscular  dystrophy/*  as  a  more  precise  designation  for 
the  class — a,  term  which  is  likely  to  obtain  general  acceptanee.  The 
important  fact  to  recognise  is  that  there  may  be  either  a  simple  defect 
in  the  growth  of  the  fibres,  ultimately  lending  to  their  disappearance, 
or  there  may  he,  with  this,  an  overgrowth  of  the  connective  tissue, 
either  a  simple  hyperplasia,  or  a  perverted  growthin  which  fat-ceUs  form. 
These  cells  increase  its  bulk,  but  are  ultimately  removed.  The  miiscul&r 
fibres  also  sometimes  present  hypertrophic  enlargement,  but  simple 
wasting  is  the  most  common  change. 

The  symptoms  by  which  these  changes  are  manifested  vary  aooord* 
ing  to  the  nature  and  seat  of  the  aJteralaon.  In  all  cases  musculajr 
power  fails  as  the  contractile  fibres  waste.  The  chief  difference  in 
ftspeot,  however,  depends  on  the  seat  of  the  affection  and  the  effect  of 
the  interstitial  change  a,  and  especially  on  the  frequent  enlargement  of 
muscles  from  the  formation  of  fat  in  the  fibrous  tissue.  This  produces 
the  semblance  of  hypertrophy  that  has  led  to  the  name  "peeudo- 
hypertrophic  paralysis  "  being  applied  to  the  cases  in  which  it  is 
present.  The  amount  of  enlargement  varies  much  ;  the  fibrous  tissue 
alone  may  cause  none,  but  it  is  sometimes  great  and  wide-spread  in 
the  cases  in  which  fat  is  formed.  In  all,  however,  a  primary  shrinking 
of  the  muscles,  often  preceded  by  a  true  enlargement  of  the  fibres,  is 
due  to  the  wasting  of  their  proper  substance,  the  result  mainly  of  & 
defective  tendency  of  vital  endurance  or  growth,  and  only  in  a  slight 
degree  to  the  infiuence  of  the  interstitial  tissue  when  this  is  increased 
in  quantity. 

Thus  certain  varieties  are  constituted  by  the  external  manifestation 
of  the  muscular  changes.  Even  in  the  class  in  which  pseudo- hyper- 
trophy occurs  there  may  be  no  change,  or  only  diminution  in  the  size 
of  the  muscles,  but  with  increased  firmness,  as  the  accompaniment 
of  the  lessened  power.      When  there  is  enlargement,  this  may  or  may 
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not  correspond  in  time  to  tHe  loss  of  power,  since  the  muscular  fibres 
maj  waste  cither  during-  interstitial  growth,  or  after  this  tissue  has 
undergone  the  atrophy  which  ultimately  atipt^rvenes.  Thus  we  may 
have  two  classes  of  cases  belonging  to  this  type,  one  with  enlargement 
of  muscles,  few  or  many,  the  other  with  only  wasting  of  muscles,  the 
two  corresponding  in  position  and  in  the  general  course  aud  relutions 
of  the  affection. 

In  another  form  there  is  never  an  interstitial  growth  of  fat,  and 
probably  no  considerable  increase  of  fibrous  tissue ;  simple  atrophy 
of  the  fibres  is  its  pathological  characteristic,  while  primary  shrinking' 
of  the  muscles  is  its  external  manifestation.  The  shoulder  muscles  ai-e 
prone  to  suffer  most,  and  in  some  cases  there  is  a  peculiar  affection  of 
the  face.  These  cases  are  also  more  variable  in  the  time  of  life  at 
which  the  symptoms  begin.  But  these  varieties,  as  we  have  already 
stated,  are  connected  by  cases  which  to  some  eitent  coinbine  the 
Tarious  features.  Such  combined  forms  forbid  the  separation  of  the 
types,  which,  nevertheless,  frequently  niJiiutain  so  distinct  a  course 
in  many  members  of  a  family,  even  through  several  generations, 
that  we  are  compelled  to  recognise  their  distinctness,  although  we 
cannot  divide  them  altogether. 

The  essential  element  in  the  disease  has  been  spoken  of  as  a  "  quali- 
tative" defect,  which  entails  an  imperfect  development,  manifested 
sooner  or  later  by  the  defective  vitality  of  the  proper  elements  of  the 
tissue.  Bdt  there  is  reason  to  believe  that  the  defect  is  not  always 
merely  quiihtative.  In  some  cases  the  defect  in  certain  muscles  is  so 
absolute  at  so  early  a  period  as  to  make  it  almost  certain  that  these 
muscles  or  parts  of  muscles  are  congenitally  absent,  and  that  the 
germinal  effect  is  thus  quantitative  as  well  as  qualitative.  The 
muscles  in  which  this  ai>pareut  failure  is  observed  vary  in  the  several 
forms,  and  will  be  mentioned  in  the  account  of  these. 

The  peculiar  form  of  atrophy,  which  differs  from  the  others  in  the 
early  affection  of  the  muscles  supplied  by  the  peroneal  nerve,  is 
separately  described,  and  its  features  are  not  included  in  these 
remarks. 


PsBtrDO-MTPERTBOPHTO  Mu8Cirti.R  PASA LYSIS    (LlPOMATOUS 

MusciJLjLB  Atrophy,  &c.). 

The  affection  thus  designated  usually  manifests  itself  during  the 
later  developmental  period  of  childhood,  and  clearly  depends  on  a 
mc^rbid  developmental  toudency,  which  is  oft*"n  present  in  several 
members  of  the  same  family.  It  is  characterised  by  a  i^rogressive 
change  in  the  size  and  diminution  in  the  power  of  many  muscles.  The 
apparent  cause  of  ,the  change  has  been  already  mentioned. 

Isolated  cases,  which  can  now  be  recognised  as  examples  of  this 
disease,  were  recorded  in  England  in  1830  (Sir  Charles  Bell)  and  in 
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1817  (Partridge),  &nd  in  Italj  in  18S8.  A  series  of  eases 
described  by  Meryon  in  1852,  and  Oppenbeim  in  1855,  but  enlarge- 
ment of  the  muacles  was  not  conspicuous  in  these,*  Several  remarkable 
examples  had  already  cx)me  under  the  notice  of  Duchenne,  who  was 
busy  exploring  the  field  of  muscular  paralysis  with  the  aid  of 
•'  localised  electrisation."  He  recognised  its  novel  features,  and  pub- 
lished an  account  of  it  in  1861,  under  the  name  by  which  it  has  since 
been  geuerally  known. 

Etiology. — Our  knowledge  of  the  causes  of  the  disease  is  limited 
to  a  few  general  facts.  Moles  furnish  the  majority  of  the  case^ ;  tbey 
suffer  at  least  four,  and  perhaps  seven  times  as  frequently  as  females. 
In  the  latter,  moreover,  the  malady  is  slighter  ia  degree,  later  in 
development,  and  less  freqoently  causes  death. 

The  disease  occurs  i-ather  less  commonly  in  isolated  cases  than  in 
family  groups.  The  number  in  a  family  has  varied  from  two  to  eig^ht. 
As  many  as  eight  brothers  suffered  and  died  in  the  family  described 
by  Meryon,  whil»*  all  the  daughters  escaped.  In  a  family  known  to 
the  writer,  four  sons  have  suffered  and  none  of  the  daughters ;  in 
another  instance  two  daughters  are  affected  and  no  sons.  Thus  there 
may  be  a  tendency  in  a  family  to  the  affection  of  one  sex,  and  not  the 
uther ;  but,  on  the  other  hand,  children  of  both  sexes  may  suffer  in  the 
same  family.  In  many  instances  in  which  several  members  of  o»e 
generation  are  affected,  no  antecedent  cases  can  be  traced  in  the  family; 
the  malady,  while  congenital,  is  not  hereditary.  In  other  families 
antecedent  cases  can  be  traced,  and  these  are  invariably  on  the  mother's 
side.  The  disease  is  thus  transmitted  by  women  who  are  not  them- 
Helves  its  subjects.  In  a  case  in  which  four  brothers  suffered,  the 
mother's  brother  and  sister  were  likewise  affected.  Again,  a  brother 
and  sister  were  ditseased,  one  daughter  of  a  second  sister,  and  three 
daughters  of  a  third  sister.  In  another  instance  a  boy  suffered,  and 
his  sister,  unaffected,  had  two  sons  diseased  and  a  daughter  free*  of 
whose  children  two  sons  were  the  subjects  of  the  malady.  Thus  the 
congenital  tendency  is  exclusively  due  to  the  maternal  element  in  the 
embryo.  This  is  also  shown  by  a  fact  many  times  observed,  that  the 
children  of  the  same  woman,  by  different  husbands,  suffer  in  the  same 
way. 

Indirect  hereditary  tendencies,  such  as  are  indicated  by  the  occur- 
rence of  diseases  of  the  nervous  system,  can  be  traced  so  rarely  that 
it   is   doubtfxil  if  they  have  any  inffuenoe.      Neither   the   age  of 

•  NevertlieleHa  Mt-rjoii'ji  f at^es  (*  Med.-Chir.  TrMDi./  1868)  cerbainl v  belongod  to 
ihli  vunety.  CoDcItislve  proot  of  tbe  fact  iii  afforded  by  cnset  in  coU&t«fftli  which 
1  jtve  come  under  the  writer's  observation  in  m^ar  and  dintant  brftnche»  tif  th«  tame 
fiiTDil}?.  Otbcr  evidoiicB  of  the  fa^t  is  described  ia  m.  'Ctiiiiical  Lecture  on  P^eodo- 
liypertropliic  Parnljsia*  {Loiidou,  Cliurchlll,  1879).  The  cbief  Uterfttare  ii  rvferred 
to  in  that  lecture;  the  ijuueroua  papers  that  hare  appeared  lince  have  added 
cbieJflj  to  Our  knowledge  of  the  chariieters  of  the  allied  rornii  of  idiopathic  atrophy^ 
Ac,  and  the  T«hrtioni  of  these  to  the  paeudo* hypertrophic  variety,  aod  are  n^ferrrd 
to  on  a  later  page. 
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parents,  nor  their  intemperance,  appears  influential,  and  their  con- 
gangmnitj  becoiues  effe^^tiye  only  when  ritised  in  energy  bj  repetition. 
Thus,  in  a  famil}"  known  to  me,  the  intermarriages  during  five  genera- 
tions were  very  numerous,  and  of  eight  children  in  the  present  family 
five  are  albinos,  and  two  of  these  are  the  subjects  of  pseudo-hyper- 
trophic  panUysis.  In  another  family  of  eight,  whose  parents  were 
double  first  cousins,  six  children  suffered  from  muecular  dystrophy, 
different  forms  being  represented  in  different  members  of  the  family. 

The  disease  always  manifests  itself  during  the  period  of  development, 
fionietimea  in  the  early  stage  of  growth,  at  the  close  of  infancy,  often 
only  during  mid-chil<Ihood,  rarely  not  until  growth  ia  nearly  ended. 
In  a  third  of  the  cases  the  first  symptoms  are  noted  when  the  child 
first  attempts  to  walk,  which  is  usually  a  little  later  than  in  healthy 
children;  very  rarely  indeed  the  child  has  never  walked.  In  about 
another  third  the  trbild  seems  well  until  it  is  four,  five,  or  six  years 
old,  and  then  impairment  of  po^ver  attracts  attention.  In  three 
quarters  of  the  cases  the  disease  manifests  itself  before  the  tenth 
year.  Rarely  the  p;iiient  is  consciouH  of  no  symptoms  until  after 
puberty ^  at  the  age  of  eighteen  or  tweuty  ;  but  in  such  apparently  late 
onset  there  has  been  enlargement  of  muscles  long  before  power 
became  impaired,  and  the  disease  began  much  earlier  than  it  seemed 
to  do.  One  patient,  for  instance,  in  whom  weakness  was  only  noticed 
when  she  was  twenty,  had  been  often  '*  chaffed,"  when  a  young  girl  at 
school,  on  account  of  her  *'  tea-kettle  calves."  Neither  social  state 
nor  general  constitutional  condition  seems  to  influence  the  occurrence 
of  the  disease,  but  its  manifestation  has  sometimes  been  apparently 
accelerated  by  influences  that  disturb  the  general  health  j  it  has  been 
first  noticed,  for  instance,  during  oonvalescence  from  some  general 
illness. 

Symptoms. -^Impairment  of  power  usually  attracts  attention  before 
any  change  is  observed  in  the  size  of  the  muscles,  or  if  these  are 
noticed  to  be  large,  it  is  with  feelings  of  parental  pride  rather  than 
with  suspicion,  in  spite  of  the  fact  that  the  children  often  walk 
clumsily,  fall  with  ease,  and  rise  with  difficulty.  The  act  of  going 
iipstairs  is  especially  difficult  to  them ;  the  cMd  has  to  take  hold  of 
the  banisters  and  puU  himself  up. 

The  muscles  may  at  first  present  nothing  unuaual,  especially  in  slight 
CMses,  or  if  the  child  is  fat,  as  is  frequently  the  case.  But  at  the 
age  of  five  or  six  years  an  unnatural  enlargement  of  certain  muscles 
is  usually  conspicuous,  especially  when  there  is  a  contrast  between 
these  and  other  muscles  which  are  smalL  If  enlargement  is  almost 
uniT^mil,  it  is  u^aally  great  and  conspicuous.  The  enlarged  muscles 
usually  for  a  time  bwome  still  larger  in  comparison  with  the  others, 
but  afterwards  they  cease  to  increase  and  ultimately  become  smaller, 
first  relatively  and  then  absolutely.  This  change  occurs  earlier  in 
some  muscles  than  in  others,  and  it  m&j  result  in  ft  condition  of 
distinct  atrophy. 
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in  a  large  proportioE  of  the  rases,  and  with  this  the  latiismitie  dorisi« 
which  has  the  same  at'tion  iu  depressing  the  raised  arm  (see  p.  S7). 
The  teres  major  mav  share  the  wasting  of  the  latissimus. 

The  other  muscles  of  the  anu  suffer  in  diminishing  degree  and  fre- 

ency  from  above  downwards.     The  triceps  and  biceps  are  sometimes 

enlai"ged,  the  former  more  frt^qiivutly  than  the  latter,  but  occasionally 

only  in  one  fxirt.     Bi.>i}\  tliese  inuaeles  are  sometimes  wasted.     The 

forearm  muscles  suffer  in 
only  a  small  minoritj  of 
the  case«,  and  the  intrinsic 
muscles  of  the  hand  usually 
escaf»e  altogether. 

This  usual  escape  of  the 
intrinsic  muscles  of  the  hand 
affords  a  very  marked  contrast 
to  spinal  muscular  atrophy, 
in  which   they  suffer  early; 


Fio.  15^.  Pnn-mlo-liypertrophlc  pATttlyiif. 
AbM•lK-^  of  liitit^iiiiui  iiont»  euUrgeuieut 
uf  lufiMfiii  atu*.     (Fn>iu  a  photograph.) 


Fio.  159.— Wiutlnffof  Istlttfniat 
diifni  ftiid  temtu* ;  «titiir)j;e- 
meut  of  iiifrMapinnlui,  tut^ri. 
fpinatUi,  Btid  He!loi<i  ;  Atmphj 

H.  H.  Speuc«r,  Iruiu  m  pUuto- 
rrmpb.) 


hut  no  rule  is  free  from  exception^  and  although  the  escape  of  the 

hands  in  the  idiopathic  affections  is  almost  constant,  it  is  not  quit« 

invariable ;  slight  (or  commencing)  imphcation  of  the  intrinsic  muflclea 

has  beeai  met  with  in  very  rare  instanoes  tbat  were  otherwise  typical »• 

•  S.g,Su:\iU,  'NVw  York  N^nrol.  8oe,/  OcU  tnd.  1888 »  HAumier,  •  8ad«r««L 

N«are).    Ver^sn.sil..'    Freibitrf(,    1888.     1    hsve  Ofiw   net   wUh    wntttng  of    tba 

I  Mtauiort  of  both  plmUtii^e*  of  out-  thumb,  and  •nUr^emrnt  of  tha  abd.  indicia  htm 

\  htm  ol»ii«rr»«i  (T«tlor.  Ciiii.  8oc..  Aprii  UUb,  ltt01),ajid  futty  gratrUi  la  lb«  throtf 


SPINAL   OORD, 
tihQ  "peroneal  tjpe^'  to  be  pre^eotly  men* 

Terr  seldom  affected^  but  I  liaye  noted* 

oi  the  clavicular  part  of  the  etemo-maatoid- 

do  iiot  soSer  except  in  extremely  rare  casef 

tikk  and  the  third  type  (see  also   Westphal^ 

Ifi87»  lii,  p.  477).  but  in  the  patient  shown  in 

ble  enlargement  of  tLe  maseeters.    The 

m  size  in  a  few  instances.     The  other 

i  Igp  the  ecanial  nerres  always  escape. 

are  wt-ak,  but  the  impairment  of  power  is  to 
of  the  change  in  size.     The  muscles  that  are 
fenerally  weaker  than  those  that  are  abnormally 
latter  the  weak- 


«  t^6fmar.  P. 
.  M^ar  in  Applied 
..^twvp*  feraorii, 
j«<««iiB*ry  mode 

•  •^  Py ^  ^'       ^^^*  16l.-.Modt.  of  rising  from  th« 
ffmmaghundi  givjund   in    p.enda-hypertrophic 

^;  ^  extensors  of  the  hip.     The  musclot 
i  considerable  power  for  a  long  time,  and 
i  before  the  flexors.     In  the  upper  limbs 
^  wually  alone  weakened  during  the  early 
[uently  the  shoulder  musdea  suffer, 
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then  the  triceps  and  the  biceps,  while  the  muscles  that  more  the  hand 
commonly  retain  good  power  to  the  last. 

The  distribution  of  weakness  in  the  legs  causes  certain  peculiai 
defects  of  movement  which  are  Terj  characteristic,  and  some  are  eren 
all  but  pathognomonic  of  the  disease.  The  diflicultj  in  going  upstairs 
is  especiaUj  due  to  the  weakness  of  the  extensors  of  the  knee  and  hip. 
The  defect  of  the  extensors  of  the  hip  causes  the  gait  to  have  a 
peculiar  oscillating  character,  in  which  the  body  is  so  inclined  as  to 
bring  the  centre  of  gravity  over  each  foot,  on  which  the  patient  suc- 
cessively throws  his  weight,  because  the  weak  gluteus  medius  cannot 
counteract  the  inclination  towards  the  leg  that  is  off  the  ground  unless 
the  balanoe  is  exact.  The  greatest  defect,  however,  is  in  the  power  of 
rising  from  the  floor,  and  the  most  characteristic  peculiarity  is  the 
mode  in  which  this  is  achieved,  if  it  be  still  possible,  and  no  objects 
are  near  by  which  the  patient  can  aid  himself.  He  commonly  bos 
not  sufficient  power  to  extend  the  knees  when  the  weight  of  the  trunk 
is  on  the  upper  extremity  of  the  femur,  which  is  then  a  lever  in  which 
the  power,  applied  between  the  fulcrum  and  the  weight,  acts  at  least 
advantage.  He  therefore  places  his  hands  on  his  knees,  as  in  Pig.  160  ; 
and  his  arms  thus  bring  much  of  the  weight  of  the  upper  part  of  the 
trunk  on  the  femur  close  to  the  fulcrum,  between  this  and  the  power, 
which  can  then  act  at  greater  advantage.  Moreover  the  mere  weight 
of  the  head  which  is  in  front  of  the  arms  tends  to  aid  the  extension. 
This,  indeed,  may  effect  the  extension  of  the  knee  without  the  aid  of 
the  extensor  muscles,  as  any  one  may  ascertain  by  observing  the 
mobility  of  the  patella  in  this  attitude  When  the  knees  are  extended 
the  power  of  the  extensors  of  the  hip  may  be  sufficient  to  raise  the 
body  into  the  upright  position,  or  the  patient  may  aid  them  by  an 
upward  push  with  the  hand  as  he  takes  it  off.  If,  however,  these 
extensors  are  weak,  the  hands  are  often  moved  higher  and  higher  up 
the  tliighs,  grasping  alternately,  and  thus  pushing  up  the  trunk.  'I'o 
get  thus  the  requsite  support,  the  knees  must  not  be  quite  extended  ; 
and  if  their  extensors  have  no  power  the  dorice  cannot  be  employed, 
and  the  patient  is  altogether  unable  to  rise.  In  many  cases,  especially 
when  extension  of  the  hip  is  easy,  the  patient  achieves  the  extension 
of  the  knees  in  another  way;  he  puts  the  hands  on  the  ground^ 
itretehes  out  the  legs  behind  him  far  apart,  and  then,  the  chief  weight 
of  the  trunk  resting  on  the  hands,  by  keeping  the  toes  on  the  ground 
and  pushing  the  body  backwards,  he  mauages  to  get  the  kuc-es 
«(Ktetided,  until  the  trunk  is  supported  by  the  hands  and  feet,  all 
idaoed  as  widely  apart  as  possible  (Fig.  161,  2).  Next  the  hands  are 
moved  alternately  along  the  ground  backwards,  so  as  to  bring  a  larger 
portion  of  the  weif^ht  of  the  trunk  over  the  legs.  Then  one  hand  is 
placed  upon  the  kn«5e  (Fig.  161,  S).  and  a  push  with  this,  and  with 
the  other  hand  on  the  ground,  is  sufficient  to  enable  the  extensors  of 
the  hip  to  bring  the  trunk  into  the  u{inght  position. 

The  shortening  and  contraction  of  certain  muticles  lead  to  another 
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group  of  BTmptomfl — dietortiona  due  to  permanent  alteration  in  the 
position  of  joints.  Some  of  these  are  produced,  aa  are  distortions  in 
other  forma  of  muscular  weaknefis,  by  shortening  of  the  leas  affected 
opponents  of  the  weaker  muscles.  Ilius  the  knee-joints  become  fixed 
by  the  contraetion  of  the  flexors,  and  the  en>ow  by  the  contraction  of 
the  biceps  when  the  triceps  haa  lost  all  power  These  contractions 
only  occur  late,  and  are  usually  facilitated  by  the  habitual  flexion  of 
the  knee-  and  elbow-joints.  But  the  deformity  at  the  ankle-joint,  which 
results  from  contraction  of  the  calf  muscles,  commences  earlier^  before 
their  opponents  are  weak,  and  is  the  result  of  shoiiening  of  the  musdeii. 
As  a  consequence  of  it,  the  patient  cannot  get  the  heels  well  U|ton  the 
ground,  and  the  foot  cannot  be  fleit  ^  passively  beyond  a  right  angle. 
The  gradual  iQcreaeeof  the  contraction  vaults  in  considerable  '*  talipes 
equinus ;  "  and  aa  power  lea  sens,  the  patient  is  able  to  walk  lesa,  and 
the  conseq^uent  loaa  of  the  extension  involved  in  the  act  permits  a 

rapid  increase  in  the  contrao- 
tion.  Tue  feet,  as  Fig.  102 
shows,  soon  assume  a  pos- 
ture of  extreme  extension,  the 
dorsum  being  in  a  line  with 
the  front  of  the  leg,  or  forming 
Irith  it  a  convex  curve.  A 
subluxation  of  the  ankle-joint 
takes  place,  and  the  articular 
turface  of  the  astragalus,  ita 
anterior  extremity^  and  that 
of  the  08  calds,  form  three 
prominences  \inder  the  skin. 
When  this  reversal  of  the 
ankle  occurs,  the  tibialis  anti- 
cus  can  no  longer  act  aa  a 
flexor. 

Another  deformity,  which  is 
due  chiefly  to  muscular   weak- 
ness, is  curvature  of  the  apine^ 
Flo.  162.  ^Lftte  Btag«  of  psQodo-liyporLro-  An  an tero*  posterior  curve,  with 
plilcpATOlysi*;  *  boyfourtet-n  yenraold.   ^h©  concavity  backwards,  is  an 
wiib  muscular  ooncraction  and  wmstiag^,  •'  £    j.i        j» 

and  kteral  ciinritunj  of  tbe  fpinfi^  «"^ly    symptom   of   the   disease. 

and  it  may  become  extreme, 
the  upper  part  of  the  trunk  being  carried  ao  far  back  that  a  vertical 
line  from  the  scapula  falls  an  inch  or  more  behind  the  sacrum.  It 
is  due  not  to  the  weakness  of  the  trunk  rou-sclea,  but  to  that  of  the 
extensors  of  the  hip.  in  consequence  of  which  the  pelvis  is  inclined 
forwards,  carrying  with  it  the  lower  lumbar  vertebne  j  hence  the  upper 
part  of  the  trunk  has  to  be  held  far  back  to  keep  the  centre  of  gravitj 
of  the  body  over  the  feet.  The  proof  of  this  methaniBm  is  that  when 
the  patient  sits,  and  the  |.kelvia  is  supported  on  the  ischial  tuberosities. 
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the  lordoflis  diaappeani.  It  U,  indeed,  replaced  bj  au  opposite  curre^ 
in  which  the  back  becomes  convex,  clearly  due  to  the  weaknesB  of  its 
extensor  muscles  This  curve  may  become  very  great,  aa  in  the  case 
ehown  in  Fig.  163,  The  weakneea  of  the  spinal  muscles  also  permils 
the  occurrence  of  lateral  curvature  {Fig.  162),  iniiuenced,  in  its  direc- 
tion, by  the  habitual  posture  and  th6  preponderance  of  weakness  on 
one  side  or  the  other. 


FlO.  163.— Lad  aged  ifUen;  l«teit»gc;  *» sting  of 
thighs;  inmbility  to  tit  apright  in  conaeqaeace  o( 
tlie  weakneai  of  the  apiQal  muBclei. 

The  electric  irritability  of  the  muscles  is  only  altered  when  distinct 
weakness  or  wasting  has  set  in,  when  it  ia  lowered  alike  to  faradism 
and  voltaism.     There  is  never  any  trace  of  degenerative  reaction. 

The  knee-jerk  may  be  at  first  normal,  but  as  the  eitensors  of  the 
knee  become  feeble,  it  ia  always  lessened  and  gradually  disappears.  It 
is  never  excessive,  and  in  all  advanced  case^  it  is  lost.  Sensation  is 
unaffected,  and  ao  also  are  the  sphincters  in  the  vast  majority  of  cases 
Tery  rarely  there  has  been,  towards  the  end,  a  alight  difficulty  in  the 
retension  or  expulsion  of  urine,  to  be  j-egarded,  perhaps,  rather  aa  a 
complication  than  as  an  effect  of  the  disease.  All  other  functions  of 
the  nervous  system  are  commonly  normal,  including  those  of  the  «ym- 
pathetic.  The  ment-al  development  of  the  subjects  of  this  disease  is 
generally  beyond  that  of  other  children  of  the  same  age,  doubtless  on 
account  of  the  indirect  influence  of  a  malady  which  withdraws  theui 
from  active  iimusements  ;  mental  defect  is  a  pure  complication. 

The  rate  of  progress  of  the  disease  and  its  duiuiiou  vary  much. 
After  iome  yearsj  often  between  ten  and  fourteen,  the  power  of  standing 
i)ecot&e8  lost  in  consequence  of  the  increasing  weakness  and  the  con- 
traction of  the  calf  muscles*  When  the  patient  ceases  to  walk  the 
muscular  disease  makes  more  rapid  progress,  deformities  become 
greater,  and  the  patient  may  become  almost  lielpIeKS,  except  in  the 
hands,  and  yet  live  on  for  sevei-al  years.      Death  is  sometimes  due  to 


yllP^7€.^r,    CO&I>. 


but  generaUj 

diest  sfEection  to  derelop, 

tt  baBmifr  cnve.    life  is  thoBended  bj 

or  Bf  <£&rQwc  hmg  disease — a  form  of 

vlikh  derdops  graduallj, 

UBiSR  is  Bcrer  sofSdent  paralysis  of 

•£aK&  (firecdr.    The  duration  of  the 

^QXT  mmA  OB  tlie  care  which  the  patient 

popver  ranaiiiB  good  until  after 
K  "iut  '&simae  bb  generallj  slow.  The  patient 
a«HiC  '^ioi^  JigSiiw  jMfwer  is  much  impaired.  It  is  possi- 
■ft  jaaaih  "iw  saaHR  aever  attains  a  considerable  degree. 
Ti  3i«B««x:  jAb*  dfigfat  symptoms  hare  lasted  for  some 
w  x-n^iE^  aaad  vearj  few  patients  reach  the  age  of 
ic  i^  rwmm  is  slower  in  girls  than  in  bojs,  and 
A  «iiHffiTr?T  jKTge  proportion  of  the  late  cases. 

eoas  of  ^e  disease  depend  on  the  age  at 
the  condition  of  the  muscles,  whether  the/ 
Ift  iBR  cases  a  single  muscle  may  be  large,  and 
;iM  rest  small,  as  in  Fig.  164,  in  which  only  the 
viwd  woe  increased  in  size.  Or  eyerywhere  and 
3vm  the  first  the  muscles  are  smaller  thi«n  nor- 
mtL  and  thej  progressively  waste.  Such  cases 
ifv  not  uncommon ;  in  the  first  group  of  cases 
ie«cnbed  (by  Meiyon),  enlargement  of  muscles 
i«w  incon^icuous.  Many  cases  in  which  all 
muades  are  small  belong  properly  to  the  form 
qansidered  in  the  next  section.  But  it  must  be 
mDembered  that  there  are  intermediate  cases 
wiiich  form  links  between  the  two  chief  types. 
The  cases  described  by  Meryon  must  be  regarded 
i*  eiaunples  of  the  pseud o-hypertrophic  form  (see 
p.  .3681.  but  they  present  many  points  of  resom- 
J.JA1HM  tw  the  "  simple  atrophy  "  described  further 

'.•oi»|rfic<rfM>iw.— Congenital    mental  weakness, 

iU*  Appan?ntlT  to  defective  development  of  the 

?MUi.  simwtimes  complicates  pseudo-hypertrophic 

ji^EacrMft.    In  rare  cases  there  have  been  indica- 

;^c«^^  Lvadition  of  the  central  nervous  system, 

:  a*.aii«rt»Ui  in  what  light  the  slight  occasional 

^  t»  be  regarded,  whether  as  an  invasion  of 

al  complication.     Vigoroux  has  recorded 

of  pseudo-hypertropliic  paralysis  were 

ri^ty  of  Thomson's  disease.     Of  course 

»  liable,  like  other  children,  to  various 
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affections  of  the  nerrouE  ejsiem ;  I  bare  seen  both  chorea  and  polio- 
myelitis as  merely  accidental  complications. 

Patholooical  Ak atomy. — It  is  rare  at  the  time  of  death  for  any 
musclea  to  be  actually  larger  than  natural.  Sometimes.  howeTer,  they 
are  enlarged,  and  the  fibres  themselves  have  beeji  found  hypertjophied, 
just  as  they  have  been  in  excised  parts.  There  has  also  been  found 
a  great  increase  in  the  nuclei,  atrophy  of  the  fibres,  vmcnolation, 
and  division  of  fibres.  Most  of  those  that  are  affected  are  below 
the  normal  size.  They  are  pale  and  vellowish  in  Dolour,  and  often,  to 
the  naked  eye,  resemble  perfectly  masses  of  adipose  tissue.  The 
resemblance  is  not  merely  one  of  aspect.  As  seen  under  the  micro- 
scope,  it  may  be  difticult  for  the  observer  to  realise  that  he  is  not 
looking  at  a  fatty  tumour.  Nothing  may  be  at  first  visible  but  fat- 
oells,  precisely  like  those  of  adipose  tissue.  Among  t  he  cells,  howeyer, 
are  tracts  of  nucleated  fibrous  tissue,  and  a  closer  examination  of  these 
shows  that  the  tracts  contain  also  muscular  fibres  (Fig.  165) »  most  of 


Fl9.  16S. — OMiroctismliis  moNtsi  nuseulAr  flbm,  trregnlarly  asfw 
rowed  and  in  p«rt  He(f«ii«rst«d«  lit  ■tsoog  trmcta  of  naclMled  fibroot 
tiasae,  MjAriited  by  ndipoM  tittn^. 


them  much  narrower  than  normal.  They  are  also  irregular  in  width  , 
a  broad  fibre,  for  instance  (as  in  the  figure),  suddenly  becoming 
narrow. 

The  fibres  for  the  most  part  preserve  their  transverse  striation,  but 
they  are  narrowest  this  may  have  in  part  disappeajred,  either  by 
lular  degeneration,  or,  more  commonly*  by  a  simf:^  fading  of  the 
ctriflB.    In  tiie  narrowed  fibres  the  stnse  are  sometioiee  farther  apert 
than  nonnal.    In  other  parts  broad  fibres  may  be  seen,  normal  or 
YQL.  L  87 
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(Fig.  166),  eonrsing  among  tlie  fat-oells,  an 

of  fibrous  tissue.    Fibres  oocasioi 

a  longitudinal  striation  or  fissuiin^ 

or  Tacuolation,  but  these  are  ran 

maj  be  seen  where  the  narrowing  c 

In  musdes  that  stiU  preserve  some  red  tin 

t»  and  there  is  often  a  relatively  larger  amoun 

Very  rardy,  in  some  part  of  a  muscl 

beat  only  wastbig  of  the  fibres,  without  the  interstitia 

I  the  trii«ps). 


f|[9^  I^ — G««n*rneinius  muscle;  two  nenrly  normal  muscular  flbrei^ 
«k«,*04MpNuu«d  bj  fibrous  tissue,  snrrouiidetl  by  fHt-cells. 

la  90W»  of  these  the  interstitial  tissue  may  be  almost  entire! 
tibrvuA*  a  l^i»w  f»t-cells  only  being  visible  here  and  there.  In  sue 
iuiMcIe«  it  W  common  to  find  the  fibres  more  damaged  than  i 
tho*^  ia  which  the  growth  is  partly  fatty.  It  is  chiefly  in  the  latt« 
itkbt  ttiany  nonual  fibres  are  seen.  Muscular  fibres  larger  than  normi 
aM  s»>m^^titu^«  found  after  death.  Such  fibres  have  been  seen  in  f rat 
ujk^tttst  rwu^Ytnl  during  life  by  excision,  or  by  a  "  harpoon-trocar."  ] 
h^  Uwii  *tat*?d  that  the  increased  size  was  perhaps  due  to  a  vitj 
ooutnwtioii  under  the  mechanical  stimulus  involved  in  the  extractioi 
Sv^ui^^tim^s,  however,  the  enlargement  has  been  unquestionable  (s* 
»^v>t^  "Muscular  Hypertrophy"). 

l^h*>  motor  nerves,  when  examined,  have  been  found  normal.     Tl 

<vudition   of    the  sensory  muscle-nerves    (which    terminate    in   tl: 

uU>WLtitial  tissue  in  which  the  primary  morbid  process  occurs)  has  nc 

vvu  iijiccAtaiued  in  any  instance.     The  spinal  cord  has  been  foim 

,>viicctly  aormal  in  most  cases  in  which  it  has  been  examined.     In 

c*  i-hiM^  havi*  been  slight  and  irregular  degenerative  changes,  as  i 

vu^  tWLWttincd  by  Lockhart  Clarke  and  myself  ;•  but  the  anterior  gre 

•  'iW-Ohir.  TVaus./  vol.  Ivii,  p.  247.     In  this  case  the  cervical  and  dorsi 

,  .u^  v^^^Ui^ruwa,  with  the  exception  of  here  and  there  slight  accamulations.  a 
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was  unaffected,  and  the  changes  were  probably  merely  aaio* 
datedf  and  not  the  cause  of  the  symptoms.  Hsemorrha^es  have  been 
oocasioimlly  found.  Probably  they  bare  occurred  Lite  in  life  in  the 
degenerated  tissue.  The  neuroglial  cells  have  been  found  incr<^ased  in 
number,  and  the  fibrea  of  the  whit*  substance  have  been  found  irregu- 
larly changed,  in  a  few  cases,  without  any  constancy  in  the  seat  of  the 
alteration. 

Patholoot. — The  common  intei^rity  of  the  anterior  gi-ey  matter  of 
the  cord,  and  ©specially  of  the  motor  nerve-cells,  seems  conclusiTe 
evidence  that  the  disease  of  the  muscles  is  not  due  to  a  primary  lefdou 
of  the  spinal  cord.  The  slight  irregular  changes  occasionally  found 
are  prol»bly  consecutive  to  the  long  inaction  of  the  cord  and  deformity 
of  the  spine.  Psoudo-hypertrophic  paralysis  is  not,  therefore,  as  was 
at  first  thought,  merely  a  form  of  spinal  muscular  atrophy  with  a 
special  muscular  change.  The  significanoe  of  the  pathological  anatomy 
is  that  the  malaily  is  a  primary  disease  of  the  muscles,  consisting  in 
an  altered  condition  of  the  muscular  fibres,  leading,  it  may  be,  tc» 
enlargement  and  subsequently  to  wasting  and  associated  overgrowth 
of  the  connective  tissue,  in  which  fat  may  or  may  not  be  deposited. 
The  indication  of  the  conditions  under  which  the  disease  occurs  is 
that  it  is  congenital,  the  result  of  a  perverted  tendency  of  growth, 
inherent  in  the  embryo,  and  derived  from  the  germ  from  which  the 
embryo  proceeds.  In  this  connection  it  is  instructive  to  note  that 
there  is  one  form  of  congenital  tumour,  the  structure  of  which  is 
almost  exactly  the  same  as  that  of  the  muscles  in  pseudo-hypertrophic 
paralysis.  Fig.  167  might  be  a  fragment  of  a  muscle  in  this  disease, 
but  it  is  a  section  of  a  myolipoma,  the  congenital  character  of  which 
is  emphasised  by  the  fact  that  it  was  attached  to  the  con  us  meduUaris 
©f  the  spinal  cord  of  a  patient  whose  muscles  were  healthy.  (The 
tumoiir  is  shown  also  in  Fig.  174.)  It  must  have  been  due  to  the 
misplacement  of  some  of  the  embryonal  elements  from  which  muscular 
tissue  is  developed,  and  it  shows  that,  from  such  elements,  the  struc- 
tiiral  condition  found  in  pseudo-hypertrophic  paralysis  may  arise. 
The  points  of  chief  importance  in  the  general  pathology  of  the  disease 
have  been  mentioned  in  the  introductory  remarks.  The  difficult  que»- 
tion  of  the  precise  mechanism  by  which  the  muscular  fibres  suffer 
must  be  regarded  as  an  open  one.  We  may  assume  a  defective  vitality 
in  them,  but  the  conspicuous  lesion  is  the  growth  of  connective  tissue, 
and  by  this  the  fibres  are  doubtless  danmgt^d,  whether  fatty  tissue  is 
formed  or  not.     Indeed,  the  fibres  seem  to  suffer  more  when  there  is 


Ihe  bottom  of  th«  Htsures,  of  prodaetfl  of  dt^nemtion,  proHtbljr  dfrived  from  tlw 
p«riviu»rul»r  croiiQii  ooiuqioii  at  nil  agM.  At  tho  Utt  <lor*aI  urgmeut.  bowevrr,  tlierv 
WMaa  ftfc*  of  ^rmuu)>4r  di<ifite^nition  in  thv  inti^rnitfcliato  ^ey  •ab*tttnc«  on  e»rb 
•]d»,  in  front  of  the  po«t«rinr  veaicul&r  tract.  Tlii*  p«rt  wm  undoly  trmulttc^at  for 
Imtl'  t  opntimctre  ia  vurlic»)  extror.  And  in  tbw  mxMle  or  ilib  srr»  Ibe  (llfiiitr^rmtiou 
liiul  prodaevd  ma  ■ctual  cuvilj,  mcr(»«s  which  th«  tidrv*  for  ibs  ccr»b«'Ujir  lr<»ct  fan 
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only  fibrous  tissue  than  when  there  is  the  fattj  deposit,  although  it  is 

ohieflj  the  fat  that  causes  the  enlargement  of  the  muscles,  There 
seeniB  to  be  a  tendency  to  the  formation  of  fat  in  the  early  stag^  of  tlie 
diseue,  and  to  its  remoyal  in  the  later  stage,  since  in  the  former  the 


FlO.  167. — Section  or  a  itii,onp(ima  wtik-h  wa«  att«ctiBd  to  the  ipmil 
cor<l  o<  H  mail  Hulf'Tlng  froni  lot^omotor  at«zy,  for  coixipnriaoa  with 
FigK.  Iti5  and  l<i6. 

musolea  maj  often  be  obserred  to  increase  in  size^  and  in  the  latter 
they  become  smaller,  partly  from  some  removal  of  fat  and  partly  from 
the  increasing  atrophy  of  the  muscular  fibres.  It  is  then  that  the 
greatest  impairment  of  power  occurs.  In  the  cases  in  which  the 
muscles  are  small  from  the  first,  the  tendency  to  the  deposit  of  fat 
seems  slight,  and  the  condition  is  an  almost  pure  muscular  sclerosis. 
The  late  shortening  which  occurs  seems  to  he  due  to  the  contraction 
of  the  interstitial  fibrous  tisane,  and  it  often  coincides  with  the 
shriukiige  from  the  removal  of  some  of  the  fat,  and  the  atrophy  of  the 
muscular  fibres. 

If  it  be  true  that  the  latissimus  dor  si  and  lower  li%lf  of  the 
pectoralis  are  sometimes  congenitally  absent  in  pseudo-hypertrophio 
paralysis,  the  fact  is  quite  consistent  with  the  explanation  of  the 
nature  of  the  disease  given  above.  These  two  muscles  stand  perhaps 
lowest,  in  functional  importance,  among  the  muscles  of  the  body, 
being  used  chiefly  for  the  rare  depression  of  the  arm  against  & 
resistance  (see  p.  37).  It  is  readily  intelligible  that  a  defect  in  the 
embryonal  tissue  of  the  muscular  system  should  be  quantitative  ns 
well  as  qualifative. 

The  loss  of  the  knee  jert  is  sufficiently  explained  bj  the  lesion  uf 
the  muscles.  According  to  the  theory  that  the  irritability  on  whirh 
the  jerk  depends  is  due  to  a  muscle-reflex  action,  the  loss  is  readily^ 
intdligible,  since  the  afferent  influence  is  due  to  the  stimulation,  bj 
tension,  of  the  sensory  muscle-nerves,  and  these  end  (or  begin)  in  the 
interstitial  tissue,  which  is  the  seat  of  the  primary  morbid  process  m 
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this  disease.  But  the  wastiog  of  the  mxiBOilar  fibres  must  also  be 
capable  of  aboliahing^  the  knee-jerk  when  the  ati'ophy  reacliea  a 
considerable  degree,  and  it  is  alao  possible  that  the  motor  uerre- 
enJinga  share  this  structural  damage.  On  any  theory  of  the  natui'e  of 
the  knee-jerk,  this  will  explain  its  loss.  It  is  only  when  the  muscular 
changes  have  attained  a  considerable  degree  that  the  loss  occurs. 
The  fact  therefore  does  not,  in  itself,  suggest  any  lesion  of  the  spinal 
otjrd.  If  the  malady  is  thus  one  of  a  morbid  developmental  tendency, 
it  is  not  surprising  that  a  k-ndcncy  to  analogous  developmental 
diseases  should  be  sonietiuies  present  in  the  nervous  system,  and  that 
thus  imbeeility  and  epilepsy  on  the  one  hand*  or  albinism  on  the  other, 
should  be  ocoasionally  associated  with  the  disease, 

DiAGNOSis.^ — The  diagnosis  of  the  disease  is  usually  easy  if  its 
characters  are  known.  The  peculiarity  of  gait  and  the  mode  of  rising 
from  the  floor,  the  age  of  the  patient,  and  the  progressive  character  of 
the  impairment,  are  in  themselves  sufEcient  to  suggest  the  affection, 
and  examination  reveals  enlargement  and  often  contraction  of  the  calf 
muscles,  and  a  change  in  the  size  of  others,  which  confirm  the  diagnosis. 
The  mode  of  rising  is  not  absolutely  pathognomonic,  and  it  has  misled 
even  good  observers ;  it  is  occasionally  acquired  in  other  diseases  in 
which  there  is  a  gradual  weakening  of  the  extensors  of  the  hip  and 
knee.  It  is  met  with  equally  in  the  simple  idiopathic  atrophy,  but 
is  so  rare  from  any  other  cause  as  to  be  of  very  great  diagnostic 
suggestiveness. 

Of  the  condition  of  the  muscles,  that  which  is  most  chaiacteristic 
is  the  combination  of  enlargvtnent  of  the  infraspinatus  with  a 
wasting  of  the  latiasimus  and  lower  part  of  the  pectoralis.  I  pointed 
out  some  years  ago*  that  this  condition,  which  is  seldom  absent,  is  of 
veij  high  diagnostic  importance,  and  subsequent  observations  have 
fully  confirmed  the  opinion.  Next  in  impoilance  is  the  enlargement 
of  the  calf  muscles,  especially  in  combination  with  contracture  that 
cannot  be  overcome.  In  general,  the  enlargement  and  diminution  of 
neighbouring  muscles  is  very  significant,  but  it  must  be  remembered 
that  they  may  be  gravely  diseased,  and  yet  of  normal  size,  or  from 
the  first  smaller  than  normal.  In  such  cases  they  are  often  hard, 
and  the  distribution  of  the  affection  is  the  same  as  that  of  the  double 
change  in  typical  cases.  Such  cases  illustrate  the  relation  of  this 
form  to  the  simple  atrophy  described  in  the  next  section. 

The  disease  with  which  confusion  is  most  common  is  the  so-called 
"congenital  spastic  paraplegia"  (p.  495).  Both  diseases  affect 
children ;  in  both  there  are  weakness  of  the  legs  and  contraction  of  the 
e&lf  muscles,  and  in  both  the  muscles  are  frequently  large.  The  chief 
diHtinctions  have  been  already  mentioned.  The  moat  important  are 
the  preservation  and  excess  of  the  knee-jerk  in  spa^stic  paraplegia,  the 
tendency  to  spasm  of  the  legs^ — the  facta  that  the  contracture  is  active 
and  can  be  overcome,  that  the  patient  does  not  rise  from  the  ground 
•  *Pieado'hypertrapbic  Muioiilar  Pamljiii/  London,  1879. 


1 


582 


SPINAL   OOKD. 


in  the  way  peculiar  to  paeudo -hypertrophic  paralysis, — and  the  <^po« 
site  tendency  of  the  two  diseases.  Congenital  dislocation  of  both 
hips  sometimes  presents  a  superficial  resemblance.  Spinal  muscular 
atrophy  la  only  likely  to  be  confused  with  the  simple  atrophy. 

Between  the  two  forms  of  idiopathic  atrophy  the  distinction  is 
scarcely  one  of  diagnosis  proper  ;  it  is  rather  a  question  of  the  category 
in  which  a  case  should  be  placed.  The  most  important  distinction  if 
the  freedom  of  the  calf  muscles  from  enlargement  in  the  atrophic  fonn. 
The  face  is  not  a£f©ct«d  in  pseudo-hypertrophy  as  it  often  is  in 
idiopathic  atrophy,  except  only  in  some  intermediate  instances.  If 
more  than  one  memlxjr  of  a  family  is  affected,  some  of  the  suffereni 
will  usually  present  characteriBtic  symptoms  of  the  special  form,  for  it 
is  remarkable  with  what  constancy  the  two  types  generally  reuiain 
distinct  (see  p.  507). 

pBOONOsis.^In  the  case  of  any  child  with  pseudo-hypertrophic 
paralysis,  the  prognosis  is  most  grave.  It  is  almost  certain  that  each 
year  will  bring  increasing  disability,  and  that  the  patient  will  not 
reach  adult  life.  It  is  on!y  when  the  disease  develops  late,  and  the 
symptoms  do  not  become  ronsiderable  until  after  twenty  years  of  age, 
that  there  is  a  possibility  that  the  disease  may  not  attain  its  ultimate 
degree,  but  even  in  such  oases  this  hope  is  seldom  realised.  In  any 
case,  and  at  any  age,  it  ia  unlikely  that  the  patient  will  live  more  than 
seven  yeaj*8  after  the  power  of  standing  is  lost.  But  even  in  this  con- 
dition arrest  seems  to  take  place  in  the  progress  of  the  disease.  One 
patient  ia  known  to  the  writer  who  presents  a  typical  picture  of  the 
pseudo-hypertrophio  type,  who  is  now  over  forty,  and  has  never  been 
able  to  run.  He  has  remained  stationary  certainly  during  the  l&st 
eight  years,  probably  longer. 

Treatment. — As  a  congenital  developmental  malady,  pseudo-hyper- 
trophic  paratyaie  is  one  of  those  diseases  in  which  medicine  is  neces- 
sarily powerless  to  cope  with  the  essential  elements  of  the  process. 
As  may  be  therefore  expected,  no  drug  has  been  found  to  exert  aa 
influence  on  the  course  of  the  affection,  although  such  nervine  tonics 
as  phosphorus  and  arsenic  have  been  thought  sometimes  to  retard  for 
a  time  the  progress  of  the  weaknesa.  The  stimulation  of  the  muscles  by 
electricity  has  been  employed  and  advocated,  but,  however  sedulously 
employed,  no  distinct  result  follows  the  use  of  either  faradiam  or 
voltaism.  It  must  be  remembered,  moreover,  that  electricity  is  a  verr 
feeble  agent  in  stimulating  the  growth  of  muscular  fibres,  compared 
with  the  physiologit'al  stimulus  of  voluntary  effort.  Muscular  exercise 
may  reasonably  be  looked  to  in  order  to  make  up,  in  some  degree^ 
what  ia  lacking  in  this  disease,  and  doea  Beem  to  have  some  influence 
in  retarding  the  failure  of  power.  It  may  pprhaps  induce  furtlier 
|rn»wth.  or  greater  power  in  the  muscular  fil>res  that  have  not  yet 
f^fS^ifed,  or  actually  supplement  the  defective  tropliic  energy.  When 
exercise  is  stopped,  there  is  certainly  a  quicker  failure  of 
Hfi&oe  it  is  desirable  that  the  patient  shtiuld  carry  out 
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carefullT  planned  gfmn&stic  exercises,  fto  arranged  aa  to  call  into 
action  the  muscles  that  most  need  help.  These,  thoroughly  per- 
seyerdd  in,  have  seemed,  more  than  any  other  means,  to  retard  the 
diieue.  Although  they  have  not  in  any  caae  arrested  it,  the  trouble 
that  ia  necessaiT'  to  arrange  the  method  is  certainly  well  spent. 
Eubbing  and  massage  improve  the  circulation,  and  help,  especially 
•when  combined  with  passive  movements,  to  lessen  the  tendency  to 
muscular  contraction  and  consequent  deformities. 

The  influence  of  muscular  ezercifle  renders  it  very  important  to 
maintain  locomotion  as  long  as  possible.  The  ability  to  stand  and 
walk  ia  generally  lost,  through  the  contraction  of  the  calf  muscles, 
some  time  before  the  muscular  weakness  would  take  the  patient  off  his 
feet.  In  such  cases  tenotomy  may  restore  the  power  of  walking  for 
some  years,  and  when  the  contracture  returns,  its  removal  has,  a 
■eoond  time,  enabled  walking  to  be  resumed.  The  operation  is  thus 
diftinctly  beneficial,  and  should  be  performed  as  soon  as  the  actual 
need  for  it  arises,  and  division  of  the  tendon  is  far  better  than  any 
imperfect  substitute. 

During  the  later  stages  of  the  disease  great  care  ia  required  to 
precerve  the  patient  from  catarrh,  which  helps  to  excite  the  pulmonary 
mischief  that  so  often  ends  life.  Similar  care  ia  also  needed  during 
any  intercurrent  malady  which  the  patient  may  contract. 
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The  cases  in  which  there  is  no  muscular  enlargement,  in  which 
wasting  is  manifest  from  the  first  in  the  size  of  the  muscles,  are  much 
more  rare  than  the  pseudo-hypertrophic  disease.  They  belong  to 
several  types,  more  or  less  distinct,  of  which  the  most  common  is  that 
to  which  Erb  has  given  the  name  of  '*  juvenile,"  and  of  which  moat 
instances  are  probably  the  pseudo-hypertrophic  disease  without  mus- 
cular enlargement;  others  are  more  special,  since  the  lower  limb  musclee 
have  suffered  but  little.  A  more  striking  variety  is  that  which  ia 
characteriaed  by  the  affection  of  the  muscles  of  the  face  in  addition  to 
those  of  the  shoulder  girdles — the  **  facio-scapulo-humeral  type  *'  of 

*  TIm  BMMt  importHnt  writing*  on  tb«  •ubjert  (betides  tho««  ipecially  quotird)  sr« 
thoas  of  Du^henuD  m  '  KWtriutioo  localln^*  (p«  60  of  Poor«*t  tniifttAtion*  pabUalio«l 
by  the  Hew  Syd^nlmm  Society);  B.ir«ickQw,  *Iiud^.  DiaaerL.*  HHlle,  1872 ;  Leydeti, 
■  Kliti.d.  Kuckenro  Knink./  Bvl.  ii,  p.  526;  MObias  "  Hercd.  N<^rrcnk.,"  VolkmAnD'c 
*Klin.  Vortrige,'  Xo.  171;  Lnndouty  snd  D<?jerjne,  *  Revne  dc  M^i,/  lft85«  pp.  81 
«»d  2&1 ;  M«*rie  and  Oninon  (»  ««rietof  aue«  otiierred  nt  the  S»I(»£tri^re),  th.,  1885  f 
Sftchi. 'Nfw  York  Merl,  Jooro,'  Dm,  15th,  1888;  Hitsitr, 'Brrlin.  klia.  Woi^beii- 
•i-hrM*  l^d^ ;  8in{C«r> '  Z«it«ch.  f.  tlfilk./  H<U  viii.  E«peclftlly  v»1uNblc  are  the  ymp^n 
by  Brb,  'DeuU  Archiv  f.  klio.  Med./  Bd.  »mxtv,  1884*  and  'NeuroL  Centrftlbl.,' 
July  let,  1886,  with  nnineroiii  Utrr  writinjg^t.  Bibliofrrmphical  rrfeTvoccc,  &c,  will 
he  foond  al«o  In  Tot»th'e  *The«it  oa  tbe  Peroneal  Ty;»e,'  and  in  my  Lecture  on 
r*#«doh>j»«frtropbic  Pfcmlyiie  (1879),  *nd  in  Such*'  article  (loc.  dt). 
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Landouzj  and  Dejerine.  In  a  tliird  Tariety  the  affection  begins  in 
the  legfl,  and  is  |:>e<'iiliarlj  slow  in  courae»  Some  other  types  may 
ultimately  be  different kit<?d,  but  it  is  important  to  rerognifle  the  ^ict 
that  even  those  that  we  can  now  distinguish,  as  the  most  pronounced 
in  their  features^  do  not  keep  entirely  distinct.     They  are  connected, 


Via.  168.— Simple  idir^pnthic  mnfrcnlar  strophy.  From  photOfrrupbs 
kiijiilv  lent  by  Dr.  J.  H.  Crocker.  PHrtieulars  of  tViese  case*  *nd 
many  »tmil«r  are  given  io  an  exnellfnt  tliMia  on  (his  diaeaM  by 
Dr.  Crocken 


bj  intermediate  forma,  not  only  with  each  other,  but  even  with  the 
paeudo-hyperirophic  disease,  as  already  mentioned,*  But  these  are 
unusual ;  aa  a  rule  the  two  latter  types  remain  distinct  in  the  families 
in  which  they  occur,  and  this  is  the  justification  for  their  separate 
description.  In  those  familiea  in  which  simple  muscular  atrophy 
^)ccura,  however  numeroua  the  cases^  however  different  the  distribu- 
lion  of  the  disease,  and  however  yarious  the  ages  at  which  it  begins, 
cases  rarely  present  the  distinctive  characters  of  pseudo-hypertrophic 
paralysis. 

There  is  less  constant  separation  between  the  simple  "juvenile** 
and  the  facial  forma.  Although  they  often  keep  distinct,  the  affec- 
tion of  the  face  has  been  absent  in  a  few  cases  in  a  family  in  which  it 

*  S.  g.  ciue  deteribed  and  collected  hy  Marie  and  Giiinon  (loo.  oit.)«  coDoecting 
tlie  itaeudo-hypertropliic  form  with  both  the  jiir untie  and  the  facial. 
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was  the  first  part  to  be  affected  in  most  sufferera.  Thus  a  man  with 
simple  atrophy,  beginning  at  fourteen  in  the  shoulder  and  thigh 
mnscles,  whose  face  was  unaffected,,  had  a  dmghter  who  began  to 
suffer  at  eleven,  and  in  whom  the  face,  scapular,  and  arm  muscles 
were  involved.*  The  peculiar  "  peroneal  type  **  is  not  included  in  iMs 
outline,  and  the  statements  here  made  do  not  apply  to  it. 

Causes. — We  are  able  to  trace  no  cause  beyond  the  congenital 
tendency,  already  considered,  shown  by  the  occurrence  of  many  cases 
in  the  same  family,  and  in  more  than  on©  generation.  In  one  remark- 
able series  recorded  by  Barsickow,  twenty-four  cases  were  distributed 
through  five  generations,  and  the  disease  was  also  traced  through  five 
generations  in  a  group  described  by  Landouzy  and  Dejerine  It  is 
very  rare  for  the  disease  to  he  confined  to  one  generation,  far  more 
rare  than  for  pseudo-hypertrophic  paralysis  to  be  so  confined.  But, 
as  in  the  case  of  most  congenital  hereditary  diseases,  cases  that  are 
apparently  isolated  are  occasionally  met  with.  Such  isolated  cases  are 
rare — more  so,  probably,  than  in  the  pst'udo-h}'|>ertrophic  formj  al- 
though wider  observation  may  show  that  they  are  more  frequent  than 
we  now  suspect.  In  the  families  of  the  patients  shown  in  Figs. 
169-172  no  example  of  analogous  disease  could  be  heard  of. 

Both  sexes  suffer;  in  a  few  famiHes,  females  chiefly;  in  others, 
males  ;  in  most,  both  have  been  affected.  The  age  at  which  the  disease 
first  manifests  itself  is  extremely  variable.  It  may  begin  us  early  as 
two  t  or  three,  J  and  as  late  as  sixty  years.  But  the  onset  is  seldom 
during  childhood ;  in  the  majority  of  cases  the  disease  shows  itself 
between  fif  twn  and  thirty-five ;  that  ia,  durinsj  the  later  per'od  of 
growth  and  the  early  period  of  adult  life.  Even  in  the  same  family, 
the  variations  maybe  extreme;  in  that  described  by  Barsickow  the 
date  of  the  ouaet  of  seventeen  cases  was  known,  and  was  as  follows  : — 
in  one  at  12  ;  in  four  between  15  and  20 ;  in  seven  between  20  :ind  30 ; 
in  three  between  30  and  40 ;  in  two  after  40.  A  woman  aged  fifty -two 
began  to  suffer  at  30,  but  her  son  at  3  years  of  age.§  Sex  has  no 
influence  on  the  date  of  onset,  nor,  as  a  rule,  can  any  relation  be  traced 
between  the  date  and  the  place  at  which  the  wasting  begins.  liVlien  the 
wasting  begins  in  the  face,  the  disease  more  frequently  commences  in 
childhood  than  wben  the  first  symptoms  are  in  the  limbs,  but  in  some 
instances  the  atrophy  has  commenced  in  the  face  late  in  life,  and  this 
in  the  same  family  in  which  other  sufferers  have  been  young.  Thus 
in  the  sexual  j*rooHvity,  and  in  the  date  of  onset,  there  is  a  marked 
difference  between  this  form  and  pseudo- hypertrophy,  the  latter 
showing  a  stronger  tendency  to  affect  males,  and  to  manifest  itself  in 
childhood.     The  **  juvenile"  form,  as  a  rule,  presents  less  difference. 

*  Troraler  and  Gainoiip  'Rer.  de  MM./  18S9«  p.  4&  8m  hIio  SiDgar,  'Zeit.  f 
Hdllt.,'  vm,  p.  229. 

t  EnMike,  •  Mttiich.  med.  Wochen»cLr„'  1886. 
^  L«ni1otizy  and  Dejerine,  luc.  db. 
S  Ibid. 
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Ab  a  rule,  no  direct  exciting  cause  can  be  ti-aced.  In  a  few  instanoea 
the  onset  has  succeeded  some  other  morbid  process,  sucb  as  chlorosis, 
acute  disease,  or  rheumatic  affections  due  to  exposure  to  cold ;  and  the 
depression  of  generiil  health  resulting  from  these  may  have  determined 
the  time  of  onset,  but  is  not  likely  to  have  done  more.  In  other  in- 
dividuals of  the  same  families  the  disease  has  developed  without  the- 
aid  of  any  exciting  influence. 

Symptoms. — The  onset  is  always  gradual.  Weakness  and  wasting- 
come  on  together,  and  are  noticed  simultaneously,  unless  the  com- 
mencing atrophy  is  concealed  by  subcutaneous  fat.  The  atrophy 
generally  begins  in  the  upper  arm  and  shoulder  muscles,  having,  in 
the  most  common  **  juvenile "  form,  a  similar  distribution  in  these 
jmrts  to  that  of  pseudo-hypertrophic  paralysis.  In  the  facial  form, 
however,  this  part  usually  suffers  first,  as  in  the  lad  figured  on  p.  589, 
In  rare  cases  the  wasting  not  only  begins  in  the  legs,  but  remains 
limited  or  almost  limited  to  them.  In  the  part  first  affected  the  dis- 
ease slowly  increases,  and  thence  it  usually  spreads.  The  onset  may 
be  symmetrical  on  the  two  sides,  or  one  side  may  suffer  some  time 
before  the  other. 

Of  the  arm  muscles,  the  weakness  and  wasting  are  noticed  first  in 
the  biceps  and  triceps,  and  with  these  the  supinator  longus  often 
suffers.  But  examination  generally  shows  that  the  lower  part  of  the 
peetoralis  and  latissiraus  dorsi  are  greatly  wasted,  a  loss  of  which  the 
jjatient  may  be  little  aware,  on  account  of  the  relative  unimportance  of 
these  muscles.  Sometimes  the  upper  part  of  the  pectoralis,  and  even 
the  pectoralis  minor,  are  also  affected.  The  tendency  to  atrophy  of 
the  lower  part  of  the  pectoralis  and  latiasimus  is  a  character  which,  as 
already  stated,  is  common  to  this  disease  and  pseudo-bypertrophic 
paralvsis,  but  not  invariable  in  either.  The  deltoids  are  rarely  in- 
volved ;  in  many  cases  they  are  normal ;  sometimes  they  have  bet^n 
thought  to  be  unduly  large  ;  in  a  few  instances  they  have  been  wasted* 
The  serratus  magnus  is  often  affected  (Fig.  172), but  may  escape,  even 
in  a  severe  case.  The  supiuspinatus  and  infraspinatus  may  also 
suffer,  but  are  often  normal,  or  even  enlarged;  the  trapezius  and 
rhomboids  have  been  affected  in  many  cases ;  sometimes  much  atro- 
phied, especially  in  the  '*  juvenile"  form. 

The  forearm  muscles  generally  escape,  with  the  exception  of  the 
supinator  longus.  Occasionally  there  has  been  some  weakness  of  the 
long  extensors  or  flexors  of  the  fingers,  with  or  without  slight  visible 
wasting,  In  the  case  mentioned  on  the  next  page  the  extensors  of 
the  phalanges  of  the  thumb  were  involved  on  the  left,  and  the  radial 
extensor  of  the  wrist  on  the  right  side.  Rarely  the  forearm  muscii»» 
have  been  much  atrophied.  In  several  instances  there  has  been  some 
atrophy  of  the  small  muscles  of  the  hands,  the  thenar  and  interosseal 
muscles,  or  the  interossei  only,  as  in  the  ease  of  Landouzy  and 
Dejerine  ;  but  in  the  majority  the  integrity  of  these  muscles  is  a  marked 
feature  of  the  disease  and  a  contrast  to  the  spinal  form. 
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The  aJPection  of  the  face  is  peciiliar.  There  is  commonly  a  failure 
of  the  zvgomatic  muscles,  and,  in  consequence,  a  loss  of  the  nasn4abial 
furrow,  and  a  curious  altf^mtion  in  the  smile;  inBtead  of  the  angles  of 
the  mouth  beiug  drawn  outwards  and  upwards,  they  are  moved 
upwards  by  the  elevators  of  the  upper  lip  and  angle  of  the  mouth. 
The  orbicularis  oris  is  also  affected,  and,  in  consequence,  the  lips 
arehabititally  separated,  the  lower  lip  projects,  the  patient  cannot 
''pout"  or  whistle,  and  the  artictilatioa  of  labials  is  imperfect. 
The  face  has  a  dull  expression,  and  the  aspect  is  yqtj  peculiar ; 
it  has  been  termed,  by  Landouzy  and  Dejerine,  the  "  rajopathic 
face."  In  one  case,  observed  by  them,  the  face  was  unequaUy 
involved  on  the  two  sides.  Eiirely  {as  in  Fig.  171)  the  frontales 
have  been  involved,  and  the  orbicularis  palpebrarum  has  been 
weak,  and  the  eyes  cannot  be  completely  closed  Weakness  of  the 
eyelids  was  supp  )sed  to  be  the  cause  of  distinct  exophthalmos  present 
in  one  woman.*  In  the  case  described  by  Kreske,  inability  to  close  the 
eyes  was  noted  at  three,  and  at  ten  the  jmralysis  of  the  face  was 
absolute.  Wasting  of  the  muscles  may  be  indistinet,  because  the 
contour  of  the  face  is  only  to  a  slight  degree  influenced  by  the  substance 
of  the  muscles  The  projecting  lower  lip  may,  indeed,  appear  to  be 
thicker  than  normal.  In  many  cases  the  buccinators  have  l>een  affected, 
in  some  instances  they  have  been  normal,  and  then  have  drawn  out  the 
angles  of  the  m^mth  in  smiling.  The  tongue  has  been  aJways  un- 
affected, and  so  also  have  the  pharynx,  larynx,  muscles  of  maatieationt 
and  the  eyeball  rauac^les  t 

The  muscles  of  the  spine  have  sometimea  been  normal,  sometimes 
they  have  been  considerably  atrophied.}     The  intercostala  are  often 

•  Land  OUT. V  »Dd  Dejerme. 

t  In  a  ftitigtilHr  r^e  under  my  care  lome  jean  ii|fci>  an  affection  of  tlie  fftcial 
imisdep,  ■iniiiiir  totliatoT  UliopntLic  mnsctilar  ntr4ipti<y,  wna  aisodated  with  paralj-sii 
of  ocaliir  n)Q»eleft.  Tlie  iiiatient  w«i  a  girl  twerTty*Bcvcn  year*  of  nge ;  there  were  no 
ill*! icH lion*  of  aypljilis.  n^r  cnnld  nny  hiatory  of  inuHcuiiir  atrojihy  in  tbo  fiiuvity  be 
ascertMiuetL  Tiie  oeular  fialajf  commenced  gradually  at  twenty -four,  and  increased 
until  the  niovome#ttof  hotb  ejea  upwards,  of  theleft  ejein«ard«, and  tberiplit  out- 
wnriie,  wert?  1o«t,  and  all  other  movements  were  weak<  ned,  Tlir  ey^lidn  dr<>o|ieil 
sti;:h-  ty  ;  th^'  mtermd  ociilar  inii^clea  were  imrmal.  The  Hffeetion  of  the  fmce  foihiwed 
tlat  of  tilt*  i'yi'9  J  the  T-yg-nniattc  lunBclea  wvre  powerless  ^o  tliat  tlic  iinile  conaiftcd 
onlv  in  elevatiou  of  the  upper  tip;  the  orbleularis  w&a  weak.  Ibe  palate.  pbar>nx„ 
nnit  iHrjnx  were  tmrrnal.  The  arma  becaine  feeble,  and  the  flexors  of  the  hip^^ 
»ilniD?>t,  powerlent,  Tlieie  wag  no  Tisible  rbanpo  in  the  mitritinnor  elertri^-aJ  trrim- 
bility  of  the  niuirle* ;  the  knee-f^rk  waa  nwrinab  If  thf  cafe  waa  central,  as  it 
»f*p*"ai*»'d  to  be,  the  p»"t-y  I inr  affect ioQ  of  the  lip*  and  nygomiitica  is  nut  conHned  If* 
idiopHtliic  miiBcuhir  jitro|>by.  [f  the  dlii»ea«e  was  mnBCtilMrj,  tbe  eyebfill  musclea  do 
not  itivanjtbly  fa^ape.  With  this  cup*  may  be  noted  one  recordi'd  by  Opp^-nhpim 
(•Cbarit^  Anmilen/  kHi)  ns  the  "jnvpnile"  form,  with  deranirement  flf  the  Internl 
movement  of  llie  eyi*c,  nyBtnffinns,  anfl  some  laryngenl  palay,  Th«  abonbier  at^d 
tbia;b  muscles  ^^uffcvHil  chiefly,  but  below  tbe  kuee,  the  perguei — a  notevtOrtby 
aberpition  Irom  the  type. 

^  Atrophy  began  in  I  he  back  maaclet  at  forty-four  in  a  caM  recorded  by  Muwo 
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affected  in  the  later  stages,  but  rarely  in  extreme  degree^  Tbe 
diaphragm  also  sometimes  suffers.  The  abdominal  musclea  have 
been  involved  in  only  a  few  instiincea.  In  the  legs  the  muscles 
most  commonly  affected  are  the  flexors  of  the  hip,  the  extensorB 
of  the  knee,  and  less  fre(]uently  the  gluteL  The  muscles  below 
Iho  knee  have  escaped  in  many  cases ;  when  they  have  suffered,  the 
atrophy  has  often  been  general.  When  the  peroneal  and  anterior 
tibial  muscle-*  have  been  specially  affected,  as  in  the  case  shown  in 
Fig.  172,  the  case  has  generally  b^en  of  the  peculiar  "peroneal" 
tyi>e  to  be  presently  mentioned,  although  it  is  possible  that  some 
instances  of  the  kind  are  on  the  borders  of  the  group  now  under  con* 
sideration. 

The  electric  irritability  of  th©  affected  muscles  is  usually  lessened 
in  proporlion  to  the  wasting,  and  equally  to  both  currents.  Indeed, 
the  diminution  seems  sometimes  out  of  proportion  to  the  wasting,  and 
great  when  the  atrophy  is  slight.  There  is  no  trace  of  degeneratire 
reaction,  and  there  is  not  even  the  longer  persistence  of  voltaic  than 
of  faradic  irritability  which  occura  in  the  more  chronic  cases  of  spinal 
atrophy.  Fibrillation  is  almost  always  absent,  but  not  quite  in- 
variably ;  hence  its  absence  cannot  be  made  distinctive,  still  less  its 
presence.  Myotatic  irritability  is  lessened  or  lost ;  it  is  never  increased. 
Some  fihorteuing  of  muscles  has  been  occasionally  noted,  frequently  in 
the  calf  muscles,  rarely  in  the  biceps. 

AU  other  functions  of  the  nervous  system  are  unaffected,  Senai- 
bility  is  uormah  In  a  few  cases  tiunsient  rheumatoid  pains  have 
accompaiiied  a  rapid  development  of  the  disease  in  the  arms,  but  in 
the  vast  majority  of  cases  the  disease  is  painless.  The  sphincters  are 
unaffected,  and  there  is  no  tendency  to  trophic  or  vaso- motor  dia« 
turbanee. 

As  the  muscular  atrophy  progresses,  the  form  of  the  affected  parts 
becomes  changed  just  as  in  spinal  atropliy.  Deformities  may  also 
occur,  chiefly  from  the  shortening  of  less  affected  nmscles,  but  these 
rarely  reach  the  considerable  degree  common  in  other  forms  of 
muscular  wasting.  Lordosis  occurs  in  the  upright  posture,  and  is 
probubly  due  to  the  same  mechanism  as  in  pseudo-hypertrophic 
paralysis,  cea,sing,  as  in  that  disease,  when  the  patient  sits  (compsu^ 
Fig*.  169  and  172).  When  the  muscles  of  the  lower  leg  ore  involved 
talipes  may  develop. 

The  course  and  duration  of  the  disease  are  exceedingly  variable. 
The  atrophy  may  remain  limited  to  the  part  in  which  it  begins.  The 
face  alone  has  been  affected  in  some  members  of  a  family,  although  in 
other  members  the  limbs  subsequently  suffered.  In  cases  in  which 
the  wasting  spreads,  years  may  intervene  before  the  extension  takes 
place.     In  one  case,  for  instance,  the  right  arm  became  affected  at 

("Rir.  Clin  »*  Jane,  ISS7)>  mid  tweUe  years  Ister  had  involved  ulto  tUe  leg*.  Tha 
p;itient'a  inother,  two  brotl)«r<^  iMter,  tmd  m&bertiAl  inich  ButTert-d  in  tba  tftina  w*^ 
at  tbe  inme  nge. 
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nineteen,  the  left  at  twentj-live,  and  the  legs  at  thirtjr.  In  anotlier  tlio 
arms  began  to  waste  at  thirtj-fiFe,  power  of  standing  was  only  lost  at 
lifty-five,  and  tlie  patient  lived  till  seventy-five.    Even  when  the  malady 


I  ♦».  169. 


Fio.  I7i). 


Fif»    171 


Figs,  1(19  to  171* — Idiopathic  muscoilar  atropliy  unt'ctiujyr  the  Htce.  Fi^r.  l*iS' 
ihoMS  tim  vr^iiitiug  of  the  deltoid  upper  nrm  mnacli^s  mid  Rupioator  lot)i;u« 
(wliilf  the  forfiirm  inqacleA  ara  not  wii^ted).  find  Ihe  rotHtlou  of  ibe  KoipuU 
from  the  los.^  or  the  trape£iuH  Mnd  rhoinb-iids.  Pig.  170  thaws  the  hubitiifil 
uppCMrance  u{  the  fafu,  n«id  Fi^f,  171  tlif  p^^entest  poaatble  movoim'it  of  th» 
fiiiiul  luuitctea  iti  dosing  th«  eyes  a<id  "tiiktiti^,  athi  also  the  nnotiiig  of  the 
dehoid«  and  pectorali.  The  geinfral  di-trihtiiion  of  the  iitrophy  mid  pi^tjec* 
fcioQ  of  the  •CApiilDQ  rtre  aeen  in  Fi|f»  172.* 


*  The  p&tietit  wm  a  lad  siztven  j-ears  of  ajcre.  The  follow  in  j:  lis  an  ubstracc  of 
the  ROti'»  or  hiti  CMse.  In  hi^  t»mi\y  no  bi^iLi^gy  of  iiuj  similar  HfTeciioti  cau  hv 
asoertikined.  There  it  coricluiive  cvidenet*  thut  he  hml  a  ihin.!  chancre  at  the  ngt- 
of  three,  ('(iIIow.mI  by  Becutidury  symptoms.  Tlj.e  muacuLir  wasting  hi'gati  grudu  \\\ 
during  chiMhood;  even  when  very  young  th^^rt;  was  little  ntovemeiit  in  the  f'acep  und 
that  censed  at  the  aee  of  sii  or  teveiu  Wh Iking  bet-aiTie  riifflctjlt  abotit  three  yenr* 
ngo.  The  face  ik  Hlnnost  mo  inmk'sa;  an  etlbrt  to  amile  caui^eiii  onlv  a  jui«t  perceptible 
mofement  of  thi*  left  cheek,  the  amount  of  wlii<'h  is  fairly  iiidifiited  by  the  tliffrrcnr*? 
)>et^'etiii  FigH.  170  nnd  171.  It  is  accom|viiuied  by  li  dtxiiiict  inoveuient  o^'  the  fiirs. 
The  lip*  are  f  uli  and  can  be  brunght  to^ietbep,  but  not  shortened.  The  eyelids  c  'hnnt 
be  mude  to  ineet^  even  with  a  strong  effttrt,  being  then  |  lni.-h  npart.  For' li^i^jul 
iibfoluifly  moiionlesB.  Eyebulla  proinlneot,  movomt'Tit'*  iiorm«l.  Masscter*.  ioi»guo» 
phm'ynx:,  and  larynx  nntilTeeted.  In  the  neck  the  it«rno-mtt9ti)iJs  are  verv  sum' I  ntkd 
feeble,  the  nnio-hyoids  hirge  imxl  strong.     1lie  following  muscles  tei'm  qtute  uone— ^ 
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begins  in  chiMhood  ita  progress  is  sometimes  very  slow.  Thus  in  one 
case  the  affection  of  the  t&ce  was  first  noticed  at  five,  at  twelve  the 
arms  began  to  suffer,  and  a  few  jears  lat^r 
the  flexors  of  the  hip  became  weak,  but  the 
patient  was  still  able  to  walk  at  the  age  of 
furty.  Tlie  disease  may  increase  until  deve- 
lopment is  over  and  then  remain  stAtionary, 
as  in  a  case  in  which,  at  forty-four,  there 
had  been  no  change  since  the  age  of  twenty. 
The  patient's  dau^'hter  was  more  severely 
affeettjd.*  On  the  other  hand,  the  progress 
of  the  disease  may  be  more  rapid  and  uni- 
form, and  the  atrophy  may  reach  its  widest 
distribution  in  eight  or  ten  years.  In  most 
cases,  even  of  severe  type,  the  wasting  doci 
not  Ijecome  universal,  but  remains  limited  to 
the  muscles  mentioned  above,  but  occasionally 
hardly  any  muscles  of  the  body  may  escape. 

The  duration  of  the  disease  varies  fn»m  ten 
to  fifty  years.  Death  has  never  occurred  >« 
the  direct  result  of  the  malady.  In  the  cases 
of  most  severe  degree  and  rapid  course  the 
patient  has  usually  died  from  phthisis,  pro- 
bably related  to  the  deficient  breathing  power. 
just  as  in  the  sufferers  from  pseudo-hy|.>ertro- 
pliic  paralysis.  In  most  cases,  however,  death 
has  been  due  to  other  maladies,  and  has  not 
lN*en  in  any  degree  the  consequence  of  the  niuscular  disease. 

Pathological  Anatomy. — In  general,  the  couditiun  of  the  mus- 
cular fibres  resembles  that  met  with  in  pseudo-hypertrophic  para- 
lysis, the  increase  of  interstitial  tissue  being  wanting  except  in  those 

trspeiiits  (ejccept,  pcrlmps,  »  little  of  the  middle  purt  of  tbe  rijwrht),  rbomboldi, 
deltoid,  pei^to rule «,  latissiniui  dor«t,  semitij,  bice|i,  bracl-itiliji,  tric«pai,  ■apinat^/r 
longm.  The  lav.  mi^.  ecapiilie,  Ruprm*  and  infra-ipiniitua  are  uimtlei-ted;  tbe  I&tter 
Is  large,  but  probnlily  oaly  liypflrtrophietl  from  Over-uae.  The  tupiimtor  lotigus  U 
feeble  on  the  li^f t,  powerlcfia  on  the  ri^dit  tide.  The  extcnnnrs  of  tlie  phalmng^es  of 
the  tbtunb  arts  lor^tou  the  left  tide,  mad  the  eztonsor  ciirpi  radialis  on  the  rigliL  Alt 
the  other  forearm  and  hand  iiiQBclea  ap]*ear  to  be  onaiTcted.  The  erectors  of  ihi* 
■piue  are  iniall  and  feeble;  lutcrcoBialH  itrong,  dinphra^m  powerle«8»  abdomiaxl 
tniiaeba  wenk.  la  the  legn  tlie  ^^lutei  and  fiezorii  <»f  the  knees  seem  nonnalr  the  flexora 
of  tbe  hips  Wiynk,  extensors  of  the  knp(>B  imall  and  feeble,  muscles  of  the  lower  leg 
mlber  smMll  and  feeble,  bnt  only  the  penmel  nre  poweileM,  right-angled  contracturi? 
of  ankle-jo^iifc  with  teiidency  to  vrtu*.  Knco-jerk  absent.  Circiimference  (in 
inches)  of  iippir  arms  (raiddle),  R,  5\^^  L,  6|  j  of  forearm  (maximum),  ftacb  8;  of 
thfgtia  (winiiimm  2^  inchei  above  puunu),  R.  l<^i.  L.  Q^  ;  calves  (maxitnuui), 
R,  10},  L,  11.  ElL'ctriu  irrittihility  murli  lc»wc?red  m  all  affected  muscles  to  each 
cnrrent^  in  most:,  no  contraction  can  bo  uhlaiut^d.  Seueation,  the  fcphiucliiri,  aad 
the  viaeenil  functions  are  nnaQFerlt?d. 
•  Lajulotiy.y  un<i  Pejeriue,  loc.  fit. 
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i-'aaes  that  reallj  belong  to  thia  form,  but  in  which  the  characteristic 
enlargement  is  absent,  bc^cause  no  fat-ceUs  are  deTeloi>ed  in  the  tissue. 
A  multiplication  of  nuclei  is,  however,  sometimes  seen.  The  chief 
change  is  sometimes  a  simple  narrowing  of  the  fibres,  "vith  an  ultimate 
disappearance  of  the  transverse  striation.  Degenemtive  changes  are 
frequently  met  with,  indistinct  striaiion  or  granular,  fattj,  or  "  waxy  '* 
transformation  being  seen  here  and  there,  alike  in  narrowed  or 
enlarged  fibres,  and  in  those  that  retain  their  normal  calibre;  occa- 
sionally filires  present  longitudinal  at  nation,  fiaauring,  or  vacuolation  ; 
but  in  other  cases,  or  in  some  muscles  (especially  in  the  "  juYenile" 
form),  a  remarkable  increase  has  been  found  in  the  size  of  fibres  in 
excised  fragments,*  even  of  muscles  that  are  below  the  normal  Bi2e. 
It  seems  to  show  definite  pathological  enlargement. 

The  statements  made  regarding  the  spinal  cord  in  the  pseudo- 
hypertrophic form  ai*e  strictly  applicable  also  to  this  variety.  It  is 
normal  as  a  rule,  to  which  eiceptions  are  so  rare  that  they  can  have 
no  relation  to  the  malady,  save  that  of  secondary  indirect  cunsequeiices. 
The  nerves  also  are  normal,  if  the  cases  are  eliminated  in  which  ihe 
symptoms  indicate  the  peroneal  form. 

Thus  the  facts  ascertained  regarding  this  type  do  not  suggest  any 
special  addition  to  the  general  conclusions  intimated  in  the  introduc- 
tory paragraphs.  The  affection  appears  to  be  tlie  result  of  a  primary 
developmental  tendency,  involving  the  muscular  tissue  only,  and 
cannot  be  regarded  as  a  secondary  result  of  the  interstitial  changes, 
except  in  a  triflings  occasional,  and  unimportant  degree.  Still  less  is 
it  a  consequence  of  changes  in  the  spinal  cord.  If  it  is  in  any  measure 
the  resralt  of  failure  in  the  nutrit  ion  of  the  terminal  structures  of  the 
nerve-fibres  (by  which  the  nervous  and  muscular  tissues  are  connected, 
and  which  is  perhaps  to  be  regarded  as  intermediate  between  the  two), 
the  fact  hfts  yet  to  be  demonstrated,  and  its  significance  ascertained. 

Diagnosis. — The  two  most  important  diagnostic  indications  are  the 
Affection  of  more  than  one  member  of  the  same  family,  and  the  onset 
of  the  disease  before  adidt  life  is  reached.  The  former  is  practically 
conclusive ;  and  the  latter  should  always  suggest  the  probable  idiopathic 
nature  of  tlie  ease.  In  isolated  cases  the  diagnostic  difficidty  is  much 
greater,  and  no  indication  ia  actually  conclusive,  except,  jierhaps,  the 
affection  of  the  face.  Commencement  during  childhood  is  also  of  great 
weight.  It  is  most  unlikely  that  progressive  muscular  atrophy, 
beginning  under  ten,  is  of  spinal  origin,  but  I  have  known  such 
atrophy,  certainly  spinal,  to  commence  at  the  age  of  fourteen.f  The 
pecuHar  affection  of  the  zygomatic  rauacles  is  very  characteristic,  but 
we  cannot  yet  say  that  it  is  pathognomonic  (see  note  on  p.  587),  and 
the  affection  of  the  lips  mtist  be  carefully  distinguished  from  that  due 
to  the  bulbar  palsy  ao  commonly  associated  with  spinal  atrophy.     Of 

•  8«e  e-iptfciftlly  ScbuUe,  ♦  Ut-Wr  den  mit  Hypertropkie  vcrbunditnen   Muskot* 
schwnnd.'  Wini^b^idrn,  ISSfi,  md  Hitzigi  loe.  eit. 
f  See,  however,  p.  597. 
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tibat  of  thelatuoiuiisniid  lower  lialf  of 

of  the  hand  muscles  aie  the  most  im- 

thfij  are  not  by   themselres  con* 

met  with  in  spinal  atroph  j. 

distinctions  between  spioal  and  idiopathic 

arailable,  depend  upon  the  symptoms  of 

of  the  bolbar  naclei.    Especially  significant 

which  results  from  lateral  sclerosis,  a 

^inal  disease,  rendering  the  spinal  origin  of 

The  distinction  from  the  pseado-hyper- 

aiicady  considered ;  that  from  the  peroneal  type 

L 

Tariations  in  the  course  of  the  disease 

iyindiTidual  case  both  uncertain  and  difficult 

generally,  chronicity  favours  arrest,  and  the 

the  slower  will  be  their  progress.    The 

grave  in  the  simple  atrophy  than  in  the 

of  the  pseudo-hypertrophic  disease,  and  in 

ef  cases,  perhaps  one  half,  the  malady  has  not 

Even  in  cases  that  begin  during  youth  it  is 

fUsA  tiks  patient  may  reach  old  age.     It  seems  also 

that  do  not  inYolve  the  facial  muscles. 

j/k  yet  dear  that  idiopathic  muscular  atrophy 

..^^^j^^MMStfly  treatment  in  any  considerable  degree.     Most 

„  II  isntLTHMT^  T^  cases  are  almost  silent  on  the  subject,  and  the 

hm  individuals  have  an  opportunity  of  forming 

It  Qtt^t  be  assumed  that  the  essential  cause  of  the 

%  «?«^pHlaI  tendency,  withdraws  it  from  the  range  of  thera- 

;.v^>^*^>^<MWM<  d  the  malady  is  very  different  from  that  of 

wyeh  own  a  similar  cause.  The  extreme  variations 

1  ,ji4^Jsil-^<MfcN^  the  fact  that  the  disease  may  not  be  manifested 

HAil  the  long  period  that  may  intervene  between  its 

all  suggest  that  other  influences  co-operate  with 

<T  in  determining  the  development  of  the  malady. 

^  jfc.a-u^;r*i'*i>*^  thrtf^fore,  that  the  first  inference  from  the  history 

^  .^  ^l3^«^ttlr  ^^^  ^''^  ^  altogether  correct,  although  it  must  be 

-^^.^^^  1^1^  in^  lliav*  not  as  yet  any  evidence  that  the  disease  is 

^^.^^w^     H;^  4MliM*feC«  from  drugs.      Electrical  treatment  and  mass- 

„^^t^^  *\fVY^^  to  do  good  and  even  to  produce  arrest  (Erb), 

s^  I    I^^WitoiHMy  of  the  malady  renders  the  evidence  of  arrest 

JlWlMi^My  exercise  is  practicable,  this  is  a  far  more 

l.t»SMSOular  growth  than  any  electrical  application, 

Aiai  such  exercise,  carefully  persevered  in,  may  do 

mril  ^ks  occurrence  of  the  malady  in   those   pre- 

^fPSA  to  retard   its   progress  in  those   who  are 

~^  tlis  connection  it  is  noteworthy  that  very  few 

SA  engaged  in  occupations  that  involve  active^ 
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muBCiilar  exertion.  OTer-exertion  slioiilrl,  however,  be  cnrefullv 
ayoided.  The  general  health  should  be  attetKlid  to,  and  any  defect 
removed  as  8i>eedi]y  as  possible,  both  in  tho&e  who  suffer  and  in  those 
who  are  related  to  sufferers,  since,  ai  we  have  seen,  depressing 
influences  may  apparently  excite  the  development  of  the  disea&e,  and 
it  is  therefore  reasonable  to  suppose  that  they  may  accelerate  its 
.course,  and  lessen  any  tendeacj  there  may  be  for  the  morbid  process 
to  become  stationary. 


Ttts  Feboneaj.  Ttpb  of  Fuifn^T  AirrOTBOFHT, 
(NeurUic  Muscular  Atrophy,) 

The  name  **  peroneal  type  *'  hus  become  current  as  the  moat  con- 
venient designation  for  the  variety  of  muscular  atrophy,  occurring  in 
early  life,  to  which  it  was  applied  by  Dr.  Howard  Tooth  in  a  Thesis 
published  in  1886,*  This  was  the  means  of  calling  general  attention 
to  the  form,  of  which,  however,  an  account  had  been  published 
shortly  before  by  Charcot  and  Marie.t  and  many  cases  had  been  pre- 
viously described^  in  moat  instances  without  recognition  of  their  Bfiecial 
character.  J  The  cases  of  this  form  present  c^iain  resemblances  to 
the  idiopathic  atrophies  just  described — resemblances  sufficiently 
important  to  have  led  to  the  description  of  theBe  cases  in  association 
with  the  primary  myopathies,  embracing,  as  they  do,  the  age  of  the 
sufferers,  the  occurrence  of  the  disease  in  members  of  the  same  family, 
its  gradual  onset,  and  its  very  slow  but  progressive  course.  Yet  this 
position  must  be  regarded  as  provisional  only,  and  probably  erroneous. 
The  distribution  of  the  wasting  involves  a  constant  difference  from 
the  idiopathic  muscular  affections,  and  some  of  the  cases,  otherwise 
inseparable  from  the  rest,  present  features  that  indicate  neuritis.  The 
condition  may  have,  as  an  antecedent,  an  acute  specific  disease — a  circum- 
stance that  has  the  same  significance.  The  facts  ascertained  con- 
cerning this  form  must,  therefore,  be  carefully  excluded  from  our 
generalisation  regarding  idiopathic  atrophy. 

In  this  disease,  males  suffer  about  twice  as  frequently  as  females. 
It  generally  begins  in  the  second  half  of  childhood,  and  very  seldom 
filter  twenty,  although  cases  have  beeji  described  beginning  as  late 
as  forty.  It  is  occasionally  hereditary,  and  still  more  frequently 
collaterals  suffer^  several  brothers  and  sisters  being  affected.  Tlie 
waiitiag  is  fi^rst  apparent  in  the  extensor  longus  hallucis,  or  extenstn- 
communis  digitorum,  or  in  the  peronei  muscles.  According  to  Tooth 
it  very  often  begins  in  the  latter,  and  occaaionally  m  the  gastrocnemius, 
but  it  is  probable  that  it  occurs  simultaneously  or  even  earlier  in  the 

•  'Tlie  Pertmenl  *1  j  i>e  nf  Pfnpfie*«ive  Muwulttr  Atrophy,*  London,  Lewis^  1886. 
t  'Revue  de  Mda.,*  1886,  p.  &I, 

X  By  Friedreicii,  Eiibliarst,  Opfienlieimer,  Ornierod,  and  otliofB.  A  ttihle  of 
thirty  collected  cuet  (Bonie  doubtful)  Is  givea  by  Tootfa. 
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smali  muscles  of  the  foot»  where  it  readily  escapes  observation*     Such 

early  atrophy  in  the  feet  ha«,  indeed,  been  actually  found  in  some  cases 
that  came  tmder  observation  at  an  early  stage.*  The  calf  muscles 
suffer  subsequently,  and  still  later  those  of  the  thigh,  especially  the 
vastus  internus.  The  unequal  affection  of  the  muscles  of  the  leg 
causes  the  e.arly  development  of  club-foot,  which »  especially  in  children, 
becomes  a  chanusteristic  symptom. f  The  arms  are  only  invaded,  in 
miost  cases,  some  years  after  the  legs,  so  slow  is  the  course  of  the 
disease.  The  intrinsic  mtiecles  of  the  hands  {thenar,  hypotheuar, 
and  mteroaseal  muscles)  are  first  attacked,  and  subsequently  those  of 
the  forearm  :  sometimes  the  extensors  and  sometimes  the  flexors  suffer 
first  and  most ;  while  the  supinator  longus  remains  normal,  and  so  do 
the  muscles  of  the  shoulder,  neck,  and  back.  The  affection,  however, 
does  not  necessarily  commence  in  the  lower  limbs,  and  the  face  may 
be  affected  (Hoffmann).  The  atrophy  is  often  symmetrical,  but  occa- 
sionally tJie  muscles  on  one  side  waste  first  and  most.  The  claw-like 
deformity  of  the  fingers  may  result  from  the  affection  of  the  intrinsic 
muscles  of  the  hand.  This  is  so  rare  in  early  life  from  any  other 
cause  that  its  significance  is  coDsiderable,  and  almost  distinctive  when 
combined  with  the  deformity  of  the  feet  just  mentioned.  The  caae 
shown  in  Fig.  173  was  probably  an  example  of  this  tvpe.^ 


I 


Fia  17S. — ^Advutieed  muicukr  strophy,  probalily  of  the  "peroneal  type*'* 
(Di-awn  by  Dr.  Spenoer,  from  •  ph olograph .) 

The  affected  muscles  (especially  in  the  hand)  occasionally  present 
slight  fibrillation.     Their  electric  irritability  is  diminished  sooner,  and 

•  Hoffmnun,  'Arch.  £.  Fijih..*  xx,  p.  660;  Joffroj*  '  Gat.  H«bd./  1886,  No.  18. 

t  See  Suchi, '  Braici/  Winter  part,  1889. 

X  It  waa  given  id  the  first  edltiuii  &a  an  fXMinpla  of  almple  Mtrophy.  The  pationi 
waa  a  man  ng«d  twenty-seven  at  the  time  of  liii  death  (in  UniverHty  Collegv 
HoApital).^  No  Ltiitory  of  any  analogous  case  iii  h'n  faiiuly  cnn\d  be  aacerlaitted. 
TUe  nfftotiuii  begttn  at  the  »ge  ol  fnorti'en,  whfu  his  feet  began  to  turn  in  ao  thui 
he  walked  oo  the  out«r  Ada  of  the  loot,  and  soon  he  liolieed  graduiil  waiitiog  of 
tbt  lagl»  wliirdi  slowly  progreaaed,  and  about  the  age  of  tvieuty-four  tho  ai-ma  al^o 
began  to  aufFer.  Wlieo  fir»t  acen,  a  few  luontbB  before  his  death,  the  roa'Cttkr 
atropby  was  universal,  and  the  subcutnneons  fat  had  also  dtsappearad.  Even  tb« 
hiintla  were  grcuUy  waated ;  there  waa  a  hollow  in  the  position  of  the  thenar 
eminence,  juftt  us  in  prny^ivasivt-  mu«rn]Ar  atropliy*  and  the  mt*T« isienl  muscle*  w«r<« 
also  ^eatly  wanted.  There  was  slight  fihrillution.  The  interro«tnls  were  parHlvsed. 
Tbe  wanting  of  the  lega  was  extreme;  the  inssiroum  i  ircuiMfiTi'Tioe  of  the  calf  waa 
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in  grater  degree,  than  in  the  ordinary  idiopathic  atrophy  .while  a  etill 
gn»ater  difference  ia  presented  bj  the  fact  that  faradlc  irritability  maj 
early  become  ertinct,  and  that  there  may  be  a  distinct  reaction  of 
degeneration.  In  connection  with  thi&  should  be  noted  the  important 
fact  that  cxita.neon5  sensibility,  though  often  normal,  is  sometimeB 
impaired  or  lost,  especially  over  the  reg-ion  in  which  the  atrophy  is 
greatest^  or  upon  the  soles  of  the  feet.  Pains  occur  in  some  cases, 
and  BO  also  do  spontaneous  spafitnodic  contractions,  eapeeially  in  the 
muscles  of  the  thigh.  Tlie  muscle-reflei  action  ia  lessened  or  lost  in 
the  affected  regions,  but  there  may  be  eitensire  atrophy  below  the 
knees,  without  loss  of  the  knee-jerk,  if  the  thi^h  muscles  are  pre- 
served. Cutaneous  reflex  action  presents  considGrable  variations,  and 
is  preserved  more  often  than  would  be  expected.  Yaso-motor  dis- 
turbance sometimes  occurs  (Sachs), 

The  nature  of  these  cases  has  still  to  be  demonstrated.  Their  very 
slow  eoTirse,  the  time  of  life  at  which  they  begin,  and  the  affection  of 
several  members  of  the  same  family,  are  features  analogouB  to  the 
idiopathic  atrophy ;  but  a  marked  contrast  to  this  ia  presented  by  the 
tendency  of  the  malady  to  succeed  an  acute  specific  disease,  measles, 
and  this  also  may  appear  as  a  family  tendency.  This  feature  re* 
sembles  the  causation  of  multiple  neuritifl,  and  the  electrical  reaction 
of  degeneration  is  conclusive  proof  of  preponderant  changes  in  the 
motor  nerves,  while  anEesthepia  demonstrates  that^  in  some  ca9e8,  the 
sensory  fibres  are  also  affected.  In  such  cases  a  peripheral  neuritifl, 
motor  or  total,  of  extremely  chronic  course  and  peculiar  origin,  must 
be  recognised  as  the  only  possible  lesion,  and  it  was  actually  found, 
in  one  case  by  Friedreich,  and  in  another  by  Gombault.  Dubreiulh* 
also,  in  a  case  which  he  examined,  found  that  there  were  inflammatory 
changes  in  the  nerves,  the  spinal  cord  being  normal.  If  thia  ii 
thp  cause  of  the  symptoms  in  some  instances,  the  question  arisea 
whether  it  is  not  the  lesion  in  all  the  cases  of  this  peironeal  type. 
Such  a  lesion  is  conceivable;  the  degenerative  form  of  neuritis 
presente  e^erj  degree  of  chronicity,  and  may  be  limited  to  the  motor 
fibres  and  to  certain  muscles.  Tliis  pathology  was  advocated  as  the 
probable  one  by  Tooth,  who  pointed  out  that  it  would  also  enable  us 
to  understand  the  occurrence  of  fibrillation,  which  is  extremely  rare 
in  the  idiopathic  atrophies.  It  ia,  indet'd,  asserted  by  Hoffmann  that 
not  only  are  the  peripheral  nerve-fibres  the  seat  of  a  primary  degene- 
ration, but  that  this  change  ascends  the  nerves  to  the  anterior  and 
posterior  roots,  and  involvea,  in  a  secondary  manner,  the  elements  of 

onlywTAn  incliui  the  fe«t  were  everied,  the  loW  hollnwed,  and  the  toei  flexed. 
The  pKtieiit  died  from  dlarrlicBa.  The  moictes  were  found  to  be  smnli  und  pnle. 
The  chief  uiicro«copiciil  chMnpe  wa«  i n tense  gmimlar  and  fatty  degeiierHtion  of  the 
flbre*.  Avery  few  norinal  fibrt*  were  seen  hi  »ouie  nmncles.  There  wnt  no  incrcai^ 
or  interstitial  tistae.  Micr-stopioiil  exAmirtatlon  revealed  no  morbid  change*  lu  t(i« 
ppind  cord.  The  nor^es,  unfarttniHteiy,  were  not  exftmined. 
*  *  Rev.  tie  Ui^U;  184)0 1  'Near.  Cent./  1891. 
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the  apimil  cord,  especially  the  fibres  of  the  posterior  median  oolamus 
(which  continue  the  path  from  the  muaclea)  and  the  motor  cells  of 
the  anterior  cornua.  But  we  do  not  know  how  far  the  premature 
failure  of  nutrition  ie  a  secondary  process,  transmitted  from  below, 
or  how  far  it  is  the  result  of  a  defect  in  vital  energy,  shared  by  the 
central  as  weU  as  the  peripheral  nerre-elementB. 

The  intimate  relation  between  the  motor  nerves  and  the  muBCular 
fibres  should  also  be  kept  in  view  in  this  connection.  There  may 
be  a  morbid  tendency  in  the  nerves  similar  to  that  of  the  musclesi 
iuclutiing  a  liability  to  early  slow  degeneration,  analotjous  to  that 
wliit-h  the  muscles  present^  and  equally  prone  to  occur  in  several 
members  of  a  family.  iut  it  is  desirable  that  the  neuritio  nature 
of  the  affection  shuuid  oe  placed  on  a  broader  basis  of  ascertained 
fact  before  it  is.  jiliowed  eipresHion  in  the  name  given  to  the  disease. 

It  should  also  be  remembered  as  possible  that  the  atrophy  may  be 
idiopathic  in  some  cases,  while  in  others  it  may  be  secondary  to  such  a 
neuritis  as  above  mentioned.  There  is  nothing  difficulty  or  even 
anomalous,  in  the  conception  of  a  congenital  tendency  to  premature 
failure  of  nutrition  in  the  peripheral  nerve-fibres,  like  that  which,  in 
the  posterior  column  and  other  fibres,  seems  to  underlie  "hereditiiry 
ataxy,"  or  which,  on  the  other  hand,  in  the  muscles  is  the  apparent 
cause  of  idiopathic  atrophy.  Fuilher,  if  the  lesion  is  really  neuritic^  we 
can  understand  that  an  acute  specific  disease  like  measles  should  occa^ 
sionaUy  be  its  excitant,  although  its  occurrence  in  families  shows  that 
a  congenital  tendtncy  must  be  called  into  activity  by  the  virus,  and  the 
cases  must  be  distinguished  from  those  in  which  a  pure  neuritis  is  in- 
ducer! by  the  influence  of  the  poison  of  the  specific  disease.  An  acute 
specific  disease,  the  virus  of  which  is  known  to  be  capable  of  inducing 
the  degeneration  of  "  parenchymatous  "  neuritis^  may  readily  excite  this 
stAte  in  each  of  several  members  of  the  same  family  if  a  congenital 
tendency  to  it  exists  in  them.  It  may  readily  evoke  that  which  it 
could,  even  alone,  produce.  According  to  this  theory,  a  tendency  to 
nerve  degeneration,  acting  alone,  may  lead  to  the  early  failure  of 
nutrition  of  the  nerves,  while  the  wasting  of  the  muscular  fibres 
may  be  either  a  consequence  or  a  concomitant,  in  part  or  altogether. 
Thus  the  muscles  may  atrophy  because  the  nerves  have  degenerated, 
or  because  they  also  have  a  tendency  to  atrophy,  or  from  both  cause's 
combined.  Nerve  and  muscle  miiy  alike  share  the  congenital  imper- 
fection in  some  cases,  while  in  others  its  primary  incidence  is  on  the 
nerves  alone,  the  muscles  suffering  in  consequence  of  the  changes  in 
the  nerves.  The  con^tmital  association  may  sometimes  be  even  utore 
extensive,  and  a  tendency  to  the  early  failure  of  structures  in  the 
cent  ml  nervous  system  may  be  conjoined,  giving  rise  to  cases  of  com- 
plex aspect  and  character. 

It  is  especially  important  to  note,  in  this  connection,  the  occurrence 
of  cases  that  occupy  an  intermediate  position,  and  combine  the 
charSiCierB  of  this  and  the  myopathic  types.     Such  combined  cases  are 
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UBiiallj  partial  only,  but  such  partial  cases,  wliee  combined,  ultimately 
coTer  the  whole  intermediate  ground.  For  instance,  the  conditioe  of 
the  legs  in  the  *'  peroneal  type  *'  has  co-existed  with  that  of  the  arms 
in  t  he  "  juvenile  form  "  in  several  recorded  cases.* 

Thus  the  possibility  must  be  recognised  that  the  cases  of  this  t^pe 
vary,  even  more  than  their  characters  suggest,  in  the  degree  in  "which 
the  morbid  tendency  acts  upon  nerve  or  muscle,  or  both,  as  well  as 
the  degree  in  which  its  activity  is  spontiineous  or  induced.  Hence  the 
cases  may  here  be  only  partly  out  of  place — some,  perhaps,  not  at  all ; 
and  their  position,  as  forms  of  "  neuritis,"  might  be  equally  open  to 
eiLcption. 

The  progressive  character  of  the  cases  of  this  type  is  commonly  pro- 
nounced ;  and,  even  if  slow,  it  renders  the  prognosis  gloomy,  and  the 
scope  for  treatment  small.  So  far  as  anything  can  be  done,  it  is  by  the 
measures  already  mentioned  in  the  account  of  the  treatment  of  the 
maladies  to  which  the  cases  approiimate,  the  {►rimary  diseases  of  the 
nerrea  on  the  one  hand^  and  of  the  muscles  on  the  other. 


Famu-t  Fobm  of  Mtjbcitlab  Atrophy  is  Ohilbbek  with  Sfikat. 

Lesiozt. 

The  above  seems  to  be  the  most  suitable  title  for  a  series  of  caseh 
described  in  recent  years  by  Werdnig  f  and  Hoffmann  I  in  Germany, 
and  Bruce  and  John  Thomson  §  in  this  country.  The  condition  is 
marked  by  the  occurrence  of  similar  atrophy  in  more  than  one 
member  of  the  family,  although  in  Bruce  and  Thomson's  case  the 
condition  was  an  isolated  one.  It  is  characterised  by  the  onset  of 
weakness,  especially  in  the  hip  and  back  muscles,  about  the  age  of 
from  seven  to  twelve  months,  in  children  previously  healthy.  The 
weakness  gradually  impairs  and  finally  abolishes  the  power  of  walking, 
and  similar  weakness  usually  attacks  the  upper  limbs  as  well  as  the 
legs,  and  even  the  small  muscles  of  the  hand  may  be  affected.  The 
condition  is  one  of  marked  atrophy  without  sensory  impairment, 
although  in  one  case  there  was  a  curious  inseuBibility  to  the  pains  of 
faradic  stimulation  of  the  affected  muscles.  In  many  of  the  muscles 
the  reaction  of  degeneration  may  be  present,  and  occasionally  bulbar 
symptomB  are  superadded.  The  condition  culminates  in  one  of 
exlreme  helplessness,  with  marked  wasting  of  muscles  without  any 
fibrillary  twitching,  although  death  did  not  take  place  in  some  cases 
unt  il  the  age  of  sii  was  attained.  No  hypertrophy  has  been  noted  in 
any  case. 

*  S.ff.  by  HoiTmano, '  Berlin,  kiln,  Wochenicbr./  1887«  No.  22;  and  giseulobr, 
*Near.  CentralbJ.,'  1SS9,  p.  666. 
t  *Arch.  f.  P«ycb  ,•  1801  and  1894. 
X  •  Deutsch,  Zt«cb.  filr  N.  rvi'nheilk./  1693  and  18117. 
§  *Ediii.  Hoap.  Report*/  1893. 
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Tha  conditions  found  after  death  were  marked  atrophy  of  muBCular 
fibres,  aJthough  occasionally  some  fibres  were  hypertrophied.  Atrophj 
also  of  ner?e8  and  anterior  roots  waa  found,  and  wasting  of  tlie  cells  in 
the  anterior  horns.  The  latter  was  distinct,  and  this,  with  the  absence 
of  any  hypertix)phy  at  any  time  (although  one  child  had  been  noted  as 
very  fat  which  afterwards  became  much  wasted),  marks  off  the  cases 
distinctly  from  those  of  pure  muscular  dystrophy.  The  type  possibly. 
like  the  peroneal,  forms  a  connecting  link  between  cases  of  spinal  pro- 
gressive muscular  atrophy  and  those  of  true  myopathy  without  any 
spinal  lesion.  The  presence  of  definite  changes  in  the  cells  of  the 
anterior  horn  and  the  anterior  nerve-roots  connects  the  cases  with 
the  former,  while  a  connection  with  the  latter  is  formed  by  the  simple 
wasting  with  occasional  hypertrophy  of  isolated  muscular  fibres,  and 
by  the  occurrence  of  the  disease  in  more  than  one  member  of  a  family. 

DiAaKosis.— The  age  at  which  the  disease  occurs,  the  absenoe  of 
fibrillary  twitching,  and  the  early  suppression  of  the  reflexes,  at  well 
as  the  frequent  occurrence  of  more  tJmn  one  case  in  the  same  family^ 
will  sufficiently  distinguish  these  cases  from  ordinary  progressive 
muscular  atrophy.  On  the  other  hand,  the  absence  of  any  hyp»er- 
lirophj,  the  affection  of  the  small  muscles  of  the  hand,  a^d  the 
occasional  presence  of  bulbar  symptoms  wiU  mark  them  off  from 
cases  of  true  muscular  dystrophy.  In  every  case  which  comes  under 
notice  hypertrophy  in  some  muscles,  especially  the  infraspinati,  should 
be  carefully  looked  for,  as  it  may  turn  out  that  the  cases  are  more 
closely  connected  with  myopathic  cases  than  is  as  yet  apparent  from 
the  evidence. 

PsooirosiB. — This  seems  to  be  extremely  bad ;  the  cases  go  on  from 
bad  to  worse,  the  weakness  be^-omes  greater,  the  atrophy  more  pro- 
■ounced,  mitH  death  occurs.  But,  as  has  been  stated  above,  this  ha« 
not  unfrequently  been  delayed  as  late  as  the  sixth  year, 

Tbeatmbbtt, — The  nature  of  such  cases,  indicating  as  they  do  an 
inherited  tendency  to  early  death  in  the  muscular  fibres  and  their 
correlated  nervous  structures,  precludes  the  hope  of  succ^'ssful  treat- 
ment. The  administration  of  strychnia  hypodermically  is  indicated, 
although  the  age  of  the  patient  renders  extreme  care  necessary  in  tho 
choice  of  doses.  It  is  also  possible  that  galvanism,  combined  with 
massage  and  passive  exercise,  might  have  a  beneficial  effect.  And,  of 
oonrse,  care  must  be  takt^n  to  ensure  wholesome  and  judicious  feeding 
ftHtd  satisfactory  hygienic  oonditions. 


Pbbiodic  FAMu^r  Txbjlltbis, 


Under  this  name  Goldflam  •  has  described  a  condition  of  which 
examples  had  been  previously  published  by  Wegtphal,  Cousot,  and 
Sohaohnowitsch.  It  is  characterised  by  recurrent  paralysis  commencing 

•  Berlin  Congream  1890;  'Nuur.  Cent.,'  1890,  p.  638. 
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usually  in  the  l^i,  mTolTtng  also  the  arms,  and  patsmg  off  in  the 
reverse  order  after  a  period  varying  from  twentj-four  hourB  to  three 
days.  Daring  the  attftck  of  paralysis  the  patient  is  sleepy,  but  there 
ifl  no  impairment  of  consciousness,  sensibility  ia  retained,  and  the 
paralysis  is  flaccid*  with  diminished  knee-jerks  and  loss  of  plantar 
reflexes.  Speech  and  swallowing  are  not  interfered  with.  In  Gold- 
flam'a  case  there  was  great  diminution  of  faradic  irritability  in  the 
upper  limbs,  and  complete  loss  ia  the  lower  limbs.  After  the  attack 
had  passed  off  the  nerves  in  both  arms  and  legs  reacted  normally. 
Eleven  members  of  the  family  suffered  from  similar  attacks  of 
Ijaralysis,  They  began  between  fifteen  and  twenty,  and  increased  in 
inmiber  as  age  advanced,  although  the  individual  attaeka  did  not  last 
so  long.  In  the  patient  whose  case  is  particularly  described  there  were 
only  two  attacks  in  the  first  year,  but  after  three  years  they  occurred 
every  fortnight. 

The  con<lition  as  regmrds  etiology  is  obscure.  Goldflam's  opinion  is 
that  it  is  the  result  of  auto«intoiication — a  view  which  is  favoured  by 
the  fact  that  m  his  patient  obstinate  constipation  persisted  during 
each  attack  of  paralysis. 

Apparently  the  disease  does  not  in  any  way  tend  to  shorten  life,  but 
treatment  ij  of  Uttle  if  any  effect. 


MUSCTTLAE   HtPBBTEOPST, 

The  occurrence  of  a  true  hypertrophy  of  muscles,  as  a  condition  of 
disease,  is  exceedingly  rare.  In  most  cases  in  which  the  muscles  are 
enlarged,  the  increase  in  size  is  due  to  a  growth  of  interstitial  tissue, 
fatty  or  fibrous,  such  aa  has  been  described  in  the  chapter  on  pseudo- 
hypertrophic paralysis-  "We  have  seen  that  muscular  fibres  larger 
tlian  normal  have  been  described  in  that  disease,  and  also  in  some 
cases  of  simple  atrophy.  When  tbis  increase  in  size  has  been  met 
with  only  in  excised  fragments,  it  is  possible  that  the  condition  may 
have  been  due  to  a  vital  contraction  eiciteti  by  the  process  of  excision, 
and  such  evidence  of  hypertrophy  is  certainly  inadeciimte  ;*  only  when 


the  Above  was  wrttten,  the  donht  tlicre  cxprcMed  h&a  been  conHrine*]  by 
ftQ  ulMervation  in»de  for  me  hy  Dr,  H.R.  Speiieer.  A  frugntent  of  the  gD^trocnemiua 
of  an  fiiuputated  log  whs  rxi  iHi'd  irauudiati^ly  after  the  amputation,  and  the  Abr^ 
were  compared  with  those  of  the  miiacle  twenty 'Oiie  liourjt  Iat«r.  In  order  to 
■Mtrtiin  IBOTO  definitely  whrtliei*  a  vital  CfHitraction  per*iflted  ai  an  apparent 
fawpeai  ti»  nic,  n  ptirt  of  the  ezriwf d  frAij^mcnt  waa  iepMrated  aud  (aradijied.  Tliu 
■wcnife  iize  of  the  fibres  in  tho  inaflclc  was  ^hs  ^"^^''  ^°'  ^'^^  fragment  H^cmd 
-if^  iiicli»  in  the  frAj^mrut  farndlftc'd  -^^T  ^^"^^^  Since  the  diviaion  of  the  nerre 
daring  Uie  amputation  may  hiive  caused  some  contraction,  it  ia  possible  that  tba 
ditTereiice  in  site  prodnced  by  excision  mny  be  even  greater  tban  these  flgnrea 
repreaent.  [I  leave  the  above  noti^  uucluiriKed  Vn'raime,  since  it  nppf-ared  in  tbe  firat 
edition,  the  observation  and  doubt  have  been  fully  con flnnrd  by  viirioua  observtera, 
t.g.  by  Oppetiheirn  and  Sieimrlijtg,  'Med.  Centralld,/  1889t  No.  3&.]  Jt  if  inte- 
resting, howevisr,  to  note  ilmt  enlarged  inuBcular  flbrea  hrive  been  foand  iu  thts 
atrophied  moaclei  in  in  In  utile  prtraljais. 
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it  is  fouEd  after  death  can  its  occurrence  be  regarded  as  bejond  ques- 
tion. Nevertlielesa  true  livpertrophy  of  fibres  is  a  change  that  may 
be  expected  to  be  occasionallj  met  with  in  cases  that  are  due  to  a  con- 
genital tendency*  and  its  presence^  even  in  muscles  that  are  the  seat 
of  atrophy,  need,  therefore,  excite  no  sui'prise.  It  was  met  with  by 
Bruck  in  a  rcmnrkable  case  of  general  muscular  enlargement  in  an 
idiotic  child,  in  whom  it  apparently  developed  after  birth.  The  affec- 
tion first  showed  itself  in  the  tongue,  but  the  muscles  presented 
spasmodic  contractions,  and  the  case,  like  most  of  the  kind,  was 
evidently  anonudona  in  its  feiitures.  Muscular  hypertrophy  has  been 
found  in  the  singular  malady  described  in  the  next  section  (Thomsen's 
disease).  It  has  also  been  met  with,  in  very  rai^  instances,  as  a 
wide-spread  or  partial  condition,  usually  associated,  strange  to  eay,  with 
either  diminiHljed  piwer  or  with  a  morbid  readiness  of  fatigue.*  The 
muscles  mt>st  f n-fjuently  affected  have  been  those  of  the  shoulder  and 
upper  arm,  or  of  the  thitrh  and  calf,  on  one  side  or  on  both.  It  has 
also  Ixvn  olisci-ved  in  the  glutei,  spinal  muscles,  and  trapezii.  The 
causes  are  obscure,  but  it  has  been  ascribed  to  over-exertion.  The 
diameter  of  the  fibres  has  been  increast;d  to  double  the  normal,  a 
maximum  of  -5-^  inch  having  been  met  with  (Eulenberg),  whereas  the 
normal  niaxiiiium  njay  be  taken  as  j^  inrh.  An  increase  of  the 
nuclei  has  been  observed,  without  any  overgrowth  of  the  interstitial 
tissue. 

The  condition  ia  manifested  by  an  increase  in  the  she  of  the  muscles, 
which  are  also  tirm.  The  circumference  of  the  limb  is  greater  tlian 
uoriJiaK  and  wlien  the  change  is  unilateral  iht-  difference  between  the 
limbs  of  the  two  sides  may  be  very  striking.  The  maximum  circunifer- 
ence  of  the  c^lf  has  been  as  much  as  seventeen  inches.  The  muscles 
are  soon  cxhauste^^l,  and  have  lieen  weak  in  some  cases,  while  in  others 
there  has  been  abnonual  etreuj^'th  for  brief  exertion.  The  electrical, 
meeliauieal,  and  myotatic  irritability  of  the  muscles  has  usually  been 
found  unaltered. 

The  disease  may  be  suspected  if  a  marked  increase  in  size  in  an  adult 
is  accompanied  by  iiin;aire<l  power  of  sustained  exertion,  if  the  muscles 
are  firm,  and  the  patient  docs  not  manifest  other  indications  of  pseudo- 
hypertrnphic  paralysis.  The  diagnosis  can,  however,  only  be  made 
with  ceHainty  by  the  microscopical  examination  of  an  excised  fragment, 
and  even  then  subject  to  the  reservation  mentioned  on  the  previoua 
page.  The  meagre  facta  regarding  the  course  of  the  disease  suggest 
that  it  usually  persists  without  getting  either  better  or  worse.  Treat- 
ment appears  to  have  but  little  influence  upon  it. 

A  smgular  case  has  been  reported  by  Eidenberg.f  which  differs  in 

•  Ai»erb»ch,  '  Vircliow'B  Arcliiv,*  lid,  liii,  pp.  234  dod  897;  Berger, '  Deut  Archiv 
r.  kltti.  Med,,*  Bd,  Jx.  1872,  p.  363;  Friedmch,  •  Ueber  Prog.  Ma^kflntraphie,  Ac,.* 
1673;  EuleiiWrg,  '  Rt-iil- Kiieytloj>iidie,*  Bti.  ix,  p,  864*  A  very  •imiiu'  earn  it 
deacrilu'ii  by  Pul,  •  Wiiti.  kliu.  Woabeinohr./  1889,  No,  10. 

t  •  Dotitscb.  med.  Wochentcbrift,*  1885,  No.  12. 
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manj  particnlart  from  the  form  of  disease  above  described,  and 
illuBtrates  the  complex  relation  a  of  enlargement  of  tiie  muscular  fibres 
and  its  connection  with  degenerative  processes.  A  man  aged  thirtj- 
aix  presented  an  enormona  enlargement  of  the  muscles  of  the  left 
leg,  which  were  soft  and  flabbj  and  weak,  with  lowered  irritabilitj. 
The  condition  had  slowly  developed  after  a  full  on  the  back  at  ten, 
which  caused  imperfect  paraplegia,  motor  and  sensory.  A  year  later, 
daring  pleurisy^  he  had  thromlK)3i8  of  the  left  femoral  vein.  In  an 
excised  fragment  of  the  gastrocnemius  the  muscular  fibres  were  large, 
the  maximum  being  yjs  ^^  ^^  ^^^^  i  t^^sy  presented  fatty  and 
vitreous  degeneration,  and  fat  was  seen  between  the  fasciculi.  The 
mnsclea  of  the  other  leg  were  somewhat  wasted,  but  the  fibres  were  also 
enlarged  and  degenerated.  It  would  appear  as  though  the  condition 
had  resulted  from  a  traumatic  lesion  of  the  spinal  cord,  and  had  been 
intensified  in  the  left  leg  by  the  influence  of  the  thrombosis  and 
resultiug  vascular  distuibanco. 


THOMSEN^S  DISEASE;    MYOTONIA  CONGEOTTA, 

The  malady  thus  designated  may  be  considered  here,  notwith- 
standing the  obscurity  of  its  nature,  because  it  agrees  with  the 
dist-ases  last  described,  in  that  the  fiymptoms  are  muscular,  and  that 
the  disease  seems  often  congenital  and  occurs  in  families.  It  has 
been  named  after  the  physician  whose  description  gained  for  it  general 
notice,  and  who  is  himself  its  subject,  but  it  had  been  previously 
described  by  Ley  den,  and  hinted  at,  long  ago,  by  Sir  Charles  Bell,* 
It  is  not  always  oongenital,  and  "  Transient  Myotone  "  would  be  a 
more  exact  name. 

The  disease  is  characterised  by  a  peculiar  rigidity  of  the  muscles, 
which  comes  on  when  they  are  first  put  in  action  after  a  period  of  rest. 
The  rigidity  is  transient,  and  when  it  has  passed  off,  it  does  not  return 

•  Bell'i  'Nerfoiis  Sytttem/  Case  184»  p,  436.  The  objectious  to  cogDOtniii&l 
noineiK-lHtureof  diseaae  are  certHi»lv  riMluced  to  a  iniinmiiiu  when  the  first  deacriber 
of  a  rare  di8e»«e  is  alsio  ita  subject.  The  most  importiiTit  piipera  on  the  diseHMe  are 
those  of  Ley*  ten,  '  Klinik  iter  Etickenmarkiikr.,'  1874,  Bd.  i,  p.  1 28 ;  Thorn -en, '  Arcli, 
f.  P«,vchiatrie,*  Ud.  vi,  1676,  p.  702»  nko  "  Centntlbl.  f .  Nernnkr./  1835.  p.  193 ; 
Hi'Tniiiirdt,  *Virfbow*«  Archiv,'  Bd.  Ixxv,  1879,  p.  616,  iind  'CetitrnlbhU  f. 
Nt^rvenkr.,'  1SS5,  p,  122 j  lUllet  iind  Murie,  *Arch.  de  Nenr.,'  1883,  No.  18; 
MSbiut,  *SchmidVj  Jahrb.,*  Hd,  cxcvili,  1883;  Ritiger  and  S«iiiiibiirv,  *  Lancet,' 
I88+,  pp,  767j  818,  and  860;  Krb,  *Die  Thoin*e"Vili«  Krankbiit,'  Leipzig.  1886, 
also  'Deufc.  Archiv  f.  kliu.  Med.,*  1890.  xlvj  p.  d29  ;  ^eifert,  ib^  xlvW;  Murie,  in 
'  Kocjcl.  de*  8c.  Med.,'  1886  j  Hale  White,  *  Brain,'  April,  1886,  and  '  Guv***  Hoap 
R.-p.,*  vol,  ilvi  {a  ViTy  valuable  paper,  witb  bibliograjiby) ;  Jftroh*,  Joura.  of 
NViir.  and  Ment.  Di».,'  IHS?,  xiv,  p.  23 j  Jo'l/*  •  Sadweat.  Nearol^*  Baden,  Jime, 
1890;  Buzxard/'  Lnocet,'  1887. 
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SJi  long  aa  exeriion  ia  continued.     The  nialadj  is  often  Iiex^ditazy, 
ustmllj  affect!  soreral  members  of  the  same  farailj.     In  that 
1  homaen,  cases  can  be  traced  thmogh  Atb  generations.     It  ap| 
to  be  more  common  in  Scandinavia  and  Geimany  than  in 
or  Engliuid,  bnt  it  is  a  rare  disease ;  *  and  although  a  oonsi< 
number  of  clinical  cases  hare  now  been  recorded,  there  has  been  ii< 
post-mortem  examination.      There  is  little  to  attract  attention  in  ihe 
slighter  forms,  and  the  rarity  of  these  maj  nltimately  be  found  to  be 
less  than  at  present  appears. 

Both  sexes  suffer.  In  most  cases  the  Bjmptoms  haye  been 
noted  in  childhood,  between  four  and  ten  years  of  age,  soi 
even  in  the  cradle.  Tbej  iBdease  during  the  period  of  mnecular 
development,  and  than  remain  stationary.  A  few  patients  have 
■denied  free  until  about  the  period  of  puberty,  but  even  in  such  in* 
rtaiJAftf  it  is  probable  that  the  tendency  was  congenital  in 
since  the  cases  occurred  in  families,  other  members  of  which 
earlier.  But  in  a  few  cases  symptoms  apparently  identical  with  those 
of  the  congenital  disease  have  come  on  in  early  manhood  after  some 
exciting  cause — in  one  case  a  lightning  stroke,  in  another  a  sudden 
alarm.t  Severe  and  prolonged  exertion  during  two  years  preceded 
the  onset  of  very  charaeteriatie  symptoms  in  a  man  of  tiroiuty-fiv6> 
without  heredity.^  In  such  cases  the  disease  has  been  apparently 
acquired. 

The  charajcteristic  symptom  ia  tonic  spasm  of  the  mmsclea  wheik 
they  are  put  in  action  alter  a  period  of  rest.  As  soon  as  the 
att«mpt8  to  move,  the  muscles  become  rigid.  The  rigidity  may 
movumfut  impossible  while  it  lasts,  or  may  merely  lessen  the  possible 
range  of  muvement.  Alter  a  few  minutes,  or  les^,  the  spasm  paasea 
away,  to  be  renewed,  but  in  slighter  degree,  by  a  fresh  attempt.  If 
the  movemeuis  are  continued,  the  spasm  soon  becomes  triffing,  and 
does  not  return  until  aft^^r  a  period  of  rest.  The  longer  the  vest^ 
the  more  troublesome  is  the  spasm^  The  subject  r>an  walk  for  hours 
without  fatigue  when  it  has  passed  off.  The  rigidity  is  sometimes 
lessened  by  alcohol  and  increased  by  attention  and  by  {vat  of  it ;  the 
more  the  sufferer  tries  to  overcome  the  stiffness,  the  leas  is  he  able  to 
do  so.  It  is  alsu  worse  in  cold  and  damp  weather.  In  a  severe  caae»  a 
slight  impulse  will  make  the  person  fall,  and  it  may  then  be  impossil 
for  him  fur  some  minutes  to  rise  from  the  ground.  The  arms  are 
usually  less  affected  than  the  legs,  bat  in  some  cases  the  rigidity  fixes 
the  fingers  for  a  short  time  on  an  attempt  to  use  the  hand.  The 
muscles  of  the  face  are  usually  free;  mastication  ma^v,  however,  be 
interfered  with  by  the  spasm  in  the  muscles  of  the  jaw.      Barely,  the 

*  la  EiiffUiuU  vumti  ti«v9  been  obserired  by  Buxsard,  Hertcbell,  Hale  W\ 
Hooham,  Cbafiinaiu  and  olh«n. 

t  fLou^,  *  Phil.  M<^  Tiiaea;  1883,  p.  412 1  Sth&aMd, '  Berlin,  med.  Wocheaiclir./ 
1883.  N«,27. 

X  Moyer, '  Med.  N«w^/  1890. 
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tongue  or  fa/^^  lias  been  affected ;  still  more  rarely  the  muBclea  of  tlie 
eyeball,  interf-^ring  with  its  moTement  and  retarding  the  descent  of  the 
Tipper  lid.*  Most  Tolimtary  muscles,  indeed,  seem  liable  to  suffer, 
even  the  mutolea  of  the  larynx  and  pharynx  ;  those  concerned  in  the 
processes  of  respiration,  defsecation,  micturition,  and  coitus  have  also 
been  involv*^.  Sometimes  the  spasm  is  greater  on  one  side  of  the 
body  than  on  the  other. 

The  muc>^8  are  always  well  nourished  j  they  are  often,  indeed,  above 
the  normal  size,  and  possess  more  thiui  normal  strength,  but  they 
are  sometimes  less  strong  than  is  normal,  even  when  hi-rge,  Thomsen 
believes  that  the  more  the  muscles  are  employed  the  less  sever©  is 
the  spasm,  and  that  a  life  of  active  exertion  produces  some  per- 
manent  amelioration  in  the  disease.  The  malady  is,  however,  a 
source  of  some  disability,  and  of  considerable  annoyance ;  in  the  words 
of  Thomsen*  *'  it  casts  a  shadow  over  the  lives  of  the  sufferers/'  and 
may  have  caused  the  mental  irritability  and  hypochondriacal  tendency 
that  have  been  conspicuous  in  some  cases. 

Careful  investigations  of  the  muscular  phenomt^na  have  been  made 
by  several  observers,  and  that  by  Erb  is  es}>ecially  instructive.  In 
his  case  a  single  brief  effort  caused  tonic  contraction  whiiJi  lasted  for 
twenty-tive  seconds.  Momentary  electrical  stixniilation  of  the  nerves 
caused  only  a  momentary  contraction  of  the  muscles,  but  continued 
■iimulatioQ  always  causes  a  prolonged  contraction,  the  ''myotonic 
reaction"  of  Erb,  In  certain  muscles,  moreover,  an  UDintemipted 
current  caused  ptn-uliar  wave-like  contractions,  about  one  per  second, 
passing  from  the  negative  tci  the  positive  pole.f  Any  strong  stimu- 
lation of  the  muscle  itself  caused  a.  prolonged  after-contraction.} 
The  irritability  of  the  nerves  is  generally  normal  in  degree ;  that  of 
the  muscles  is  normal  or  increa&ed  to  voltaism.  In  some  cases  the 
anodal  closure  contraction  has  occurred  with  undue  readiness,  and  the 
"latent  interval"  after  stimulation  has  been  found  unchanged  (Hale 
White)  or  increased. §  The  muscles  are  remarkably  sensitive  to 
m*'chanical  stimulation,  and  firm  pressure  may  cause  a  tonic  contrac- 
tion lasting  from  twelve  to  twenty  seconds. 

In  ail  undoubted  cases  of  this  disease  sensibility  has  been  intact, 
and  the  superficial  reflexes  have  been  unaltered.  Myotatic  irritability 
is  normal  or  increased. 

Unoo  devcluped,  the  condition  seems  to  persist,  with  little  change, 
thi'ough  hUi,  but  in  one  case,  a  female  (in  whose  family  wore  other 
cases),  considerable  improvement  is  said  to  have  followed  marriage. || 

^  Bit)  maud, '  Gus.  Med.  de  KarU,*  Juliet  1891. 

f  Altliongh  Erb,  Sulfrrt,  »nd  others  ^ve  not«d  this,  lome  observer*  («•  Uftle 
VVtiiU*)  have  fniled:  to  obtain  the  phcnomtiiioiu 

X  JoUjr  hft»  fouml  that  repeat*  d  Btiinulntioni  bj  either  cuiTent,  wilhoiit  too  long- 
tn  interval  between  the  iucocs8ive»tmmli)ttoui,  tend  to  render  the  afier-contrnftioii 
im»  and  liia  evnlent,  until  it  ceues  to  occur  ('  Nftir.  Cetitmlbi,*  1690,  p.  438). 

§  •02&  or  '03  *ei:.  instead  nf  '01  (Tiiuniinau,  *  Near.  Cent.,'  1888.  p.  e3»), 

11  Hfrijeh«ll, '  L»ncet;  F«b.  1,  Ib&O. 
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Iq  some  inetanoes  the  symptoms  ara  alight,  and  remain  so,  even  when 
they  begin  in  earlj  lifo  and  occur  in  the  same  families  as  seTere  cases. 
Such  cases,  when  isolated,  may  readily  be  overlooked. 

Pathology. — An  examination  of  the  central  nervons  system  has 
yet  to  be  made,  bnt  it  ia  unlikely  to  )ield  results  of  novelty  or  im- 
portance. The  stutc  of  the  muscular  fibres  has  been  ascertained  from 
excised  fragments^ — a  method  which,  however,  involves  the  falla^. 
ah-L^ady  mentioned  (p.  599,  note),  of  possibly  stimulating  the  fibres  to 
contraction.  At  the  same  time  the  evidence  of  hypertrophy  appears 
conclusive.  Where  the  minimum  width  was  the  same  as  in  health,  the 
maximum  diamet^^r  was  double  the  normal  (Erb).  In  other  cases  the 
niLiximum  or  even  average  diameter  in  fragments  excised  under  chloro- 
f ui'ui  was  double  that  observed  after  death  in  unaffected  }3er8ons ;  and 
that  the  size  was  pathological  was  rendered  probable  by  the  a^iect 
of  the  fibres,  which  presented  indistinct  striation,  fewer  "  s&rcous 
elements,"  irregular,  non-parallel  edges,  and  sometimes  vacuolation. 
An  increase  of  the  nuclei  and  of  the  interstitial  connective  tissue  baa 
been  found.* 

The  maiiife station  of  the  disease  is  in  a  disorder  of  the  functions  of 
the  muscles,  and  most  writers  on  the  subject  have  followed  Leyden  in 
regarding  the  malady  as  essentially  muscular  in  nature,  as  consisting 
in  an  altered  functional  condition  of  the  muscular  tissue,  'i'his 
opinion  is  strongly  supported  by  the  frequent  alteration  in  electrical 
excitability  (which  can  hardly  be  othei*wise  interpreted  than  as  an 
indieaf  ion  of  a  change  in  the  mode  of  action  of  the  contractile  musciJftr 
protoplasm),  by  the  structural  changes,  and  also  by  the  interesting 
exi>eriment8  of  Binger  and  Sainsbury,  who  found  that  certain  salts, 
such  as  sodium  phosphate,  are  capable  of  causing  in  the  frog  tonic 
spasm  bearing  considerable  resemblance  to  that  of  Thomseu's  dis- 
ease, and  that  such  spasm  persists  not  only  after  the  nerve  has  been 
divided,  but  after  the  intra^muscular  nerve-endings  have  been  paralysed 
by  CTirara.  This  does  not  prove  that  Thomseu's  disease  is  muscular 
in  origin ;  it  is  a  proof  that  a  similar  state  may  be  due  to  the  mus- 
cular tissue,  but  no  proof  that  this  is  the  sole  element  in  Thorn  sen's 
disease.  We  must  remember  that  the  malady  has  apparently  resulted, 
in  rare  cases,  from  iaifluences  acting  on  the  nervous  system  in  adult 
life,  and  also  that,  in  the  congenital  cases,  the  spasm  only  develops, 
as  a  rule,  after  some  years  of  normal  action.  It  may  thus  be  an 
acquired  disease,  and  the  case  related  at  the  end  of  this  chapter 
shows  that  similar  spasm  may  be  due  to  a  primarj^  affection  of  the 
cord.  The  spasm  is  a  transient  consequence  of  rest.  But  "rest"  is 
not  inactivity,  either  in  the  nerve-cells  or  musdes.  Muscular  '*  tone  " 
and  adaptation  to  posture  mean  an  unceasing  flow  of  nerve-force 
from  the  cells,  an  overflow  perhaps,  due  to  the  }>erpetual  elalK>ration 
of  energy  which  keeps  the  cells  ready  for  instant  response  to  the 

*  Erb,  Selfert,  iiud  aIi»o  Henronovi-,  *  St.  Petenburfi;  p«ych.  Geselltch./  1889 1  tee 
'Near.  C^at./  Ib89«  p.  239.     Huk  WLit«  found  uo  increase  iti  tU*<  nuclei. 
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voluntary  stimuluB,  The  tonic  activity  then  ceases,  or  at  leEtst  doi.^a 
not  interfere  with  the  different  action  ©icited  hj  the  mil.  But  the 
phenomena  of  Thomsen's  disease  sngg^est  that  the  ceils  respond 
abnonaallj  to  the  volimtary  Btimulus,  that  this  causes  at  first  an 
increased  tonic  activity,  slowly  ceasing  as  their  energy  is  lessened  hy 
action.  Wide  as  is  the  difference  between  the  muscular  and  nervoua 
tissues,  we  must  remember  that  they  have  some  conditions  in  common. 
The  dei3endenee  of  the  nutrition  of  the  muscles  on  that  of  the  motor 
nerve-fibres  and  cells  is  a  very  remarkable  fact,  and  so  also  is  the  iii^ 
fluence  of  the  functional  activity  of  the  cells  and  fibres  in  causing  a 
similar  condition  in  the  muscular  tissue.  To  say  that  the  two  atruc- 
tm-es  are  connected  is  hardly  an  explanation  of  the  fact.  Whatever  is 
the  nature  of  the  relation  between  them,  it  is  at  least  conceivable  that 
an  abnormal  functional  state,  congenital  in  origin,  may  be  common  to 
the  two,  and  that  the  peculiar  over-action  in  the  muscles  may  be 
aooompanied  by  a  similar  over-action  in  the  ganglion- cells  of  the 
■pinal  cord,  and  even  in  the  pyramidal  cells  of  the  cerebral  cortex. 
It  IB  even  conceivable  that  the  condition  of  the  nerve-cella  may  be  the 
primary  change,  and  that  of  the  muscles  may  be  secondary,  although 
when  produced  it  is  in  some  degree  independent,  and  may  l>e  excited 
indei>endently  by  local  stimuhition.  Such  a  theory  enables  ub  to 
understand  the  two  facts  above  mentioned — the  influence  of  emotion 
and  the  acquisition  of  the  disease,  each  of  which  seems  to  be  incon- 
sistent  with  a  purely  muscular  pathology. 

Treatment.— No  treatment^  properly  so  called,  apj>eajfl  to  exert 
any  influence  on  the  disease.  The  congeuital  malady  persists  through 
life  J  in  the  cases  in  which  a  similar  condition  has  apparently  been 
acquired,  it  haa  also  been  persistent*  The  only  influence  that  has 
appeared  to  Thorn  sen  to  ameliorate  the  condition  is  a  life  of  active 
muscular  exertion.  But  it  Is  possible  that  the  influence  of  thera- 
peutics Is  not  yet  exhausted* 

Congenital  Paramyotone,—TJiider  this  name  Eulenberg  has  de- 
scribed *  a  strange  family  affection,  allied  to  Thomsen's  disease  in  its 
general  character,  although  differing  very  much  in  its  special  features, 
and  equally  obscure  in  nature.  The  malady  was  widely  spread  in  the 
affected  family,  and  could  be  traced  through  six  generations,  but 
appears  now  to  be  dying  out.  Its  congenital  character  was  shown  not 
only  by  its  multiplicity,  but  also  by  the  fact  that  in  some  individiKiU 
it  was  manifested  immediately  after  birth.  The  symptom  was  tonic 
■pasm,  lasting  from  a  quarter  of  an  hour  to  several  hours,  excited 
(iiefly  by  cold,  although  often  by  merely  slight  cold.  The  rigidity  was 
followed  for  a  time  by  woakuess.  The  facial  muscles  were  very  prone 
to  become  thus  rigid,  especially  the  orbiculares  palpebrarum  and  ojis ; 
and  while  the  contraction  lasted  the  patient  was  often  unable  to  speak 
or  to  open  the  eyes.     The  rigidity  was  slighter  in  the  legs  than  in  the 

•  *NeurologUcbtfS  Centmlbiatt,*  1886,  p.  26a. 
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arms,  but  the  inbiequent  weoikness  was  equallj  marVed.    WarmtX^ 
removed  tk^  spasm.     There  was  no  persistent  loss  of  power,  and  xi^>- 
increaae  of  mecliaTiica.1  irritabilitj.      The  electrical  excitability  of  th  ^ 
nerves  was  normal ;  that  of  the  muscles  was  lowered  to  each  current, 
and  there  was  aa  abnormal  tendency  to  tetanic  contraction  during  th^ 
passage  of  the  current,     Eulenberg  speculates  that  the  symptoms 
may  be  due  to  reflex  vaao-motor  spasm  in  the  muscles,  because  tl>€^ 
diminution  of  the  blood-sai)ply  to  muscles  renders  them  weak;  but 
it  is  clearly  equally  possible  that  the  two  certain  phenomena,  tl© 
fiensory  impression  and  tha  muscular  6ontraction«  may  be 
connected. 


a^ 


Atamc  paramyotone  seems  the  best  provisional  designation  for  ui 
^required  coadition   of  which  one  case   has  come  under  my  noticfl 
Persistent  tonic  spasm,   like    the    transient   spasm    of    Thomsen't 
disease,  was  associated  with  distinct  ataxy,  and  also  with  weakness 
and  some  anaeatliesia.     The  symptoms  commenced  gradually  in  the 
Itfgs,  in  a  healthy  man  aged  40,  wiihout  neurotic  heredity  j  it  invaded 
the  arms  six  months  later,  and  increased  more  rapidly  in  the  arms 
than  in  the  legs.     At  41  i  his  state  was  this:  a  well-buUt  man,  with 
well -developed  muscles »  unduly  firm  in  all  parts  except  the  neck  and 
head.     The  firmness  was  due  to  tonic  spasm,  which  never  ceased.    It 
was  present  on  waking  in  the  morning,  and  through  the  day  interfered 
with  aU  movements,  making  them  slow  and  stiff.    He  rose  from  a  seai 
slowly  and  with  difficulty ;  when  standing  there  was  slight  tursteadi- 
ness,  increased  by  closing  the  eyes,  aad  a  slight  impulse  or  stumble 
in  walking  would  cause  a  fall,  chiefly  because  the  spasm  prevented 
tlie  needed  quickness  of  movement  to  save  him.     Prolonged  exertion 
liitd  no  influence  on  the  tonic  spasm,  which  opposed  passive  as  much 
as  active  movement.     Power  in  arms  and  legs  was  lessened,  but  not 
considerably.      The  grasp  =  50  and  55  ko.     The  extensors   of  the 
&igers  were  weaker  than  the  flexors,  but  could  act  perfectly  although 
infoluntary   flexion    followed    the    slow   extension.      The    electrical 
irritability  of  the  muscles  seemed  to  be  normal.     Inco-ordination  was 
especially  marked  in  the  hands ;  with  eyes  shut,  buttoning  his  coat 
was  almost  impossible ;  the  attempt  was  made  with  thumb  and  fore- 
finger, the  others  being  flexed,  and  he  could  touch  his  nose  only  after 
many  wandering  failures.     On  the  palms,  from  the  wrist  to  the  tips 
of  the  fingers,  sensibihty  was  lost  to  touch,  slightly  delayed  to  pain, 
little  changed  to  temperature.     Slight  tactile  loss  extended   to  the 
back  of  the  last  phalanges ;  on  the  back  of  the  hands  it  was  normal. 
A  similar  but  slighter  loss  existed  on  the  soles :  he  often  felt  as  if 
walking  on  a  rounded  surface.      The   size   and  weight  of  objecU 
placed  in  the  extended  hand  could  not  be  recognised.     No  trace  of  the 
knee- jerk  or  other  evidence  of  myotatic  irritability  could  be  elicited, 
but  the  spasm  was  enough  to  explain  the  failure,  and  its  real  oonditioa 
is  uncertain.     Mind,  special  senses,  and  cranial  nerves  were  unaffected. 
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TJnfortimatelj  the  course  of  Uie  affection  could  not  be  oboerred. 
Ita  symptoms  must  hare  been  due  to  disease  of  the  spinal  cord,  and 
tbej  an  iiutnictiTe  as  showing  that  muscular  spasm,  like  that  oi 
Thomsen's  disease,  mav  be  thus  produced.  The  time  may  not  hay© 
been  sufficient  for  the  production  of  changes  in  the  irritabilitj  of  the 
muscle8,  but  we  must  also  remember  that  differences  in  the  influence 
on  the  muscles  may  be  connected  with  the  de^tive  power. 
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Morbid  growths  within  the  spinal  canal  may  spring  from  the  mem- 
branes, or  may  grow  in  the  substance  of  the  cord  itself.  The  differ- 
ence in  seat  entails  some  difference  in  symptoms,  but  it  is  nerertheless 
convenient  to  consider  the  two  classes  together,  because  they  ha^e 
many  symptoms  in  common,  and  it  is  often  impossible  to  cany  the 
diagnosis  farther  than  the  existence  of  an  intra-spinal  tumour. 

Etiology. — The  general  causes  of  these  growths  correspond,  for  the 
most  part,  to  those  concerned  in  their  production  in  other  sittiations, 
and  present  few  peculiarities  that  merit  special  mention.  Fatty 
growth  outside  the  dura  mater  occurs  early  in  life ;  malignant  tumours 
derelop  late.  Of  tumours  within  the  dural  sheath,  mjiomata  are 
chiefly  met  with  in  middle  life,  tubercular  growths  occur  occasionallv 
in  childhood,  but  generally  between  fifteen  and  thirty-five  (Herter  •)  ; 
lipomuta  are  congenital.  Malee  aie  a  little  more  prone  to  suffer  than 
females.t 

Of  the  diathetio  conditions  which  give  rise  to  tumours  elsewhere), 
only  two,  syphilis  and  tubercle,  are  effective  in  causing  growths  which 
commence  within  the  spinal  canal.  Panisitic  tumours  occur,  due  to 
the  same  infiyences  which  produce  them  in  other  situations  A  few 
rare  growths  appear  to  be  congenital  in  origin,  due  to  the  abnormal 
development  of  germinal  tiasue.  while  the  more  common  gliomata 
irithin  the  cord  arise  from  embryonal  tissue,  which  has  suffered  an 
arrest  of  its  normal  development.  Of  the  causes  of  other  forme  of 
tumour  we  know  practically  nothing.  Injuries,  such  as  a  blow  on  the 
spine*  have  been  supposed  to  be  oocasionai  cau&es,  and  their  influence 
in  rare  instances  has  seemed  possible^  but  the  evidence  is  not  so  strong 
as  it  is  in  the  case  of  tumours  in  some  other  situations.    In  many 

*  il«it«r,  *  Jouru.  of  lUatAl  Dis..*  1890,  bat  aiuilyMHl  tw«ntj  -aU  <»«•«, 
t  a  eoUectioa  of  faeU  rrl&ttng  to  U»«««  fimnU.  by  Mr.  Yictor  Horsley,  will  he 
fotind  Id  the  piiper  wnlteu  l>y  him  bdiI  myself  on  the  cam  of  •ticv«««ftti  removal  of 
m  lunitiur  from  the  tpjnal  cord,  '  M^d.-Chir.  Trkna./  1889;  trat  the  nttineriosl  faftaia 
it  f4r  tuo  meagre  to  tupplj  more  tlieu  •tetistii-nl  luirgetlioiii.  It  will  he  ttec««far\ 
to  wait  for  m  coo»Hlrm\t\r  tini«  before  ft(I<*t4U«ti*  «1»in  ure  ohte.jM<Hl,  A  vrrj  imiiorintii 
l^pcr  \>y  All«n  i^urr  (*  Am.  Jonrn.  of  Mvd.  Scl..'  Ilj9i,  Jans),  deali  with  »&  »MU 
tioilHl  MrieM  nf 
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cases  tiie  first  Bjmptams  have  imniediatelj  followed  some  exposure  to 
cold  and  wet,  and  it  seems  probable  that  their  influence  mar  have  excited 
■econdarj  processes  in  the  nerre-elernents  which  were  already  deranged 
by  the  growth,  and  may  thus  have  frer|iiently  evoked  the  first  Bym- 
ptoma  of  the  tumour,  but  it  can  have  had  no  share  in  the  production 
of  the  growth  itself.  Traumatic  huBmorrhages  may,  however,  result 
in  cystic  formations,  which  have  been  mistaken  fur  new  growths. 

Pathological  Anatoitt, — The  growths  within  the  spinal  canal 
may  develop  outside  the  dura  mater,  inside  the  dura  mater,  or  within 
the  substance  of  the  cord.  The  extra-dural  tumours  may  spring  from 
the  membrane  or  from  the  tissue  between  the  membrane  and  the 
bone,  or  may  grow  into  the  canal  from  the  outside,  through  the 
intervertebral  foramina.  Subdural  tumours  may  proceed  from  the 
inner  surface  of  this  membrane,  from  the  arachnoid,  or  from  the  pia 
mater  (Fig.  176).  The  growths  in  the  cord  may  spring  from  the  pia 
mat-er,  or  may  develop  in  the  substance  of  the  cord.  They  sometinitja 
proceed  from  the  peculiar  tissue  which  surrounds  the  central  canal. 

The  forms  of  eitra-dural  tumours  are  lipoma,  from  an  overgrowth 
of  the  fat  which  normally  eiists  between  the  membranes  and  the  bone; 
and  parasitic  tumours,  chiefly  echinococci ;  but  all  are  rare.*  Growths 
aLio  occur  that  spring  from  the  bones  or  int^3rvertebral  tissue — enchon- 
droma,  sarcoma,  and  cancerous  tumours,  which  have  been  already 
considered.  Far  more  frequent  are  collections  of  inflammatory  pro- 
ducts from  bone  disease,  but  these  do  not  come  into  the  category  of 
morbid  growths. 


I 


Fia.  174.— Myolipoma  nf  tlie  ipmal  cord.  A,  tnnavefM  m<}Uoti  of  tli«  tamour 
and  of  the  conu*  unetlulljirii  of  the  ^pintl  cord,  to  which  the  ffT«Jwtli  was 
attached,  and  ol  whkb  the  prey  matter  ie  reprt^sented  by  the  dotted  shaiiing 
CM.  »,  awctioni  of  tierve-roots,  pHTtly  i  nrlo».cd  in  tho  tumocr ;  m,  btindlet  of 
masouJar  Rbre«.^  B,  pwrfc  of  the  tumour  more  highly  magnified,  •howinp  fcbe  fat. 
CpUt,  of  which  it  was  chiefly  compoai'd ;  p.m.^  pia  msitor  of  the  cord,  of  which 
Ic.  i»  \y&Tt  of  th©  lateral  coliimii.  C,  p«Tt  of  the  tumour,  atill  iimra  majsmfic-d, 
ihowing  Btrimtcti  muscuhir  fibres,  (ihroua  tin'^ue,  ami  fat-cellt  (see  bIm  Fig.  167», 
p.  580).     The  tumoar  had  caused  no  symptoma. 


•  An  »deno-«wcojii»  bai  alto  bt'en  met  witli  (BodenpyU 
1888). 
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The  tumours  wliicTi  begin  witbin  the  dura-matral  sboatb  are  cbicflj 
tjpbilomata,  earcomata,  and  mjxomata,  sometimes  contaisiDg  cjsts  or 
••  brain^sand/*  Tubercular  and  parasitic  tumours  are  rare,  but  both 
echinococci  and  cjsticerci  have  been  met  with,  developing  in  the 
meshes  of  the  arachnoid.  Fatty  tumours  have  been  found  in  a  few 
mstanoes,  and  may  contain  muscular  fibres*  Thej  are  cougenitAl  au<i 
sometimes  associated  with  spina  bifida  (q.  v*}.  Fig.  17 4i  represents 
such  a  tumour,  a  myolipoma  consisting  of  fatty  tissue  and  striated 
muscular  fibres,  which  had  grown  from  the  pia  mater  or  meshes  of 
the  arachnoid,  and  was  found  in  a  case  of  tabes.*  Neuromata  occur 
on  the  nen'e- roots,  and  may  compress  the  cord.t 

The  growths  within  the  substance  of  the  oord  itself  are  more 
direrse  in  character.  Syphiloma  and  glioma  are  the  most  common  ; 
sarcomata,  myiomata,  and  tubercular  tumours  also  occur,  containing 
the  characteristic  bacilli,  and  always  associated  with  tubercle  else- 
where. HyJfttids  are  occasionally  met  witht  Some  growths  hare  a 
compound  character,  and  have  been  termed  myxo- sarcoma,  glio- 
iarcoma«  and  fibro-sarcoma.  Sarcomata  and  gHomata  are  sometimes 
▼ery  rascular,  and  have  been  termed  "  angio-sarcoma  "  and  •*  angio- 
glioma/*  It  is  far  more  comn;on  for  the  tumour  to  spring  from 
the  pia  mater  or  from  the  peri-ependymal  tissue  around  the  canal 
than  for  it  to  begin  among  the  nerve-structures,  but  tubercular 
growths,  usually  begin  in  the  substance  of  the  oord  and  usually  on  one 
side. 

Extra- dural  growths  are  always  single  ;  those  within  the  dura  mater 
are  often  single,  but  sometimes  two  or  three  co-exist ;  or  the  growth 
may  be  diffuse,  as  in  a  sarcoma  of  the  pia  mater»  which  extended 
as  high  as  the  sixth  pair  of  cerebral  nerves,  and  as  low  as  the  cauda 
equina.  §  Neuromata  or  sarcomata  on  the  nerve-roots  are  often 
multiple,  and  sometimes  are  very  numerous.  Neuro-fibromata  on 
almost  all  the  nerves  of  the  body  have  been  observed  to  coincide  with 
a  similar  extra-dural  growth  compressing  the  spinal  cord.  Tumours 
within  the  spinal  cord  are  also  usually  single,  even  those  of  tubercular 
nature,  but  occasionally  more  than  one  growth  is  found. 

The  size  attained  by  growths  outside  the  cord  is  necessarily  moderate, 
in  consequence  of  the  limitation  of  the  space  in  which  they  grow. 
They  vary  from  the  size  of  a  pea  to  a  width  of  one  and  a  length 
of  two  inches,  which  is  rarely  exceeded,  and  chiefly  by  extra-dural 
tumours.    Those  that  develop  from  the  pia  mater  are  usually  smaller 

*  Btfe'PktIi.  Soc  TrHiM./  vol.  xxfli,  19.  iknotber  rare  cum  it  utie  uf  ljrtt)pli> 
ai»t;ei(>(n*  of  tb«  p\%  niater  (Tmub^,  'Near.  Cent,,*  1887). 

t  Kyio-flbromtitr<  mny  m1»o  form  on  tine  n<-rve-root«,  and  aveii  exte&d  on  to  th« 
cu»^.     S^»  Btuc*'  and  Mott.  *  Bniiii,'  July,  IK87. 

X  KnfiBom  mud  Andcnoti,  '  lirit.  Htnt.  Jonrn.,'  1892  (fonnd  only  ftftor  dcAih 
ttioii|f1i  op«riit«<l  on),  Nnd  »  cm^e  uiuler  my  csre  in  which  the  bydatidji  wer«  futiiid 
*od  rottiored  bjr  Hr,  Hcirtley  dariug  life.  Id  oiber  oue*  tbe>  bave  beoa  mot  wtUi 
jmmI  inortem. 

f  I'Mfcor,  •  Brit.  iled.  Jooro./  Ja\y,  1887. 
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the  dura  mater.    Multiple  tnmonn  ot 
Adhesioiis  often  form  between 
th»  —hriBB  from  which  it  does  not  arise.    Tlie 
ths  Mrre-roots  and  the  spinal  oord  (Figs.  175, 
prodnoed  bj  tumours  within  the  dura  mater 
that  hj  tumours   outaide  this  membrane. 
«£  piMiiua  ii  iffoportioned  to  the  size  of  the  tumour  and 
A  soft  growth  outside  the  sheath  maj  attain  a  con- 
extend  through  the  intervertebral  foramina, 
much  pressure  on  the  cord  itself.    Even  such  exteu- 
causes  a  swelling  that  can  be  felt.  Probably 
BfS  wonM  yield  useful  information.  At  the  compressed 
m  aanowed  and  softened,  usually  indented  or  flattened, 
If  either  from  one  side,  from  the  front,  or  from 
tiie  degree  of  pressure  is  so  great  that  the  cord  is 
mm  of  a  crow-quill,  and  it  has  even  been  apparently 
1^  wgoi,  the  upper  and  lower  portions  being  conical, 
eifcremities  connected  only  by  membranous  tissue. 
at  tfce  cord  depends  on  inflammation,  the  "  pressure- 
in  a  preceding  chapter  (p.  89Q),  and  it  presents 
Aat  have  been  there  described.     Secondary  inflam- 
down  the  cord  below  the  growth,  or  for  a  short 
jfe.  oAen  unequally  in  the  different  elements — sometimes 
into  the  lumbar  enlargement,  and  even  on  one  side 
B  p.  617,  footnifU).    The  usual  secondary  degenera- 
conspicuous. 
diat  involve  the  cauda  equina  often  attain  a  larger  size 
occur  higher  up,  because  this  part  of  the  vertebral 
Bd  the  nerve-roots  occupy  but  a  small  ptirt  of  it.  Most 
fHnation  are  sarcomata  or  fibro-sarcomata,  but  it  is 
seat  of  syphilitic  growths.   They  usually  spring  from 
.  ^  anMshnoid,  and  often  surround  and  include  the  nerves 
i0iount  of  damage  to  which  is  very  variable. 

outside  the  cord  are  sometimes  very  numerous. 
BBTOomata,  and  spring  from  the  membranes  and 
i  -^  BBTve-roots.     They  are  various  in  size,  ranging  from 
^  ^  ^^^gRiJ-nut  to  that  of  a  pin's  head,  and  many  very  small  growths 
r'lj^«.**»ewd  among  the  nerves  of  the  cauda  equina.     In  some 
"  ^>^^  ciiazaeter  similar  growths  have  existed  in  the  cerebral 

^^ ^.j  within  the  spinal  cord  are  usually  small,  seldom  ex- 

^If  jai  inch  in  diameter,  and  usually  less,  even  when  tb<>v 
^  w  considerable  impairment  of  function.  But  their  vertical 
'^  ^^^  exceeds  their  transverse  diameter,  and  sometimes  they 
^^  itoMttrl^ »  considerable  extent  of  the  spinal  cord.  Gliomata,  and 
'**^<y  the  gliomatous  growths  that  spring  from  the  central  region, 
'*^**'!!Zi  from  embryonal  neuroglial  tissue  (persistent  by  arrest  of 
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Fio.  17&, — ^Tuwoiir  growisfr  from  the  Tn'K*r  ■nrftc©  of  the  dnrn  ih»ter,  *ind  cora- 
j>re««iiiig  tiie  sjVniiil  cumI  ia  the  uiiJ-dorMi  re^iou.  TUe  lumoor.  3  em.  IOM|f,  wm  • 
aarooioa  in  wblch  tbe  relli  wer«  ftrrMtitfcd  in  concentric  ^ronp*.  the  i-entrM  of  wbloh 
Md  mderaooe  calolflcation.  Hi«  •)itu«l  cord  vai  tofUtitd  aud  dArk  lo  tioi  ml  tb« 
wpfiiit  pnrt*     (Ai|«r  Lanccrwius,) 

Fia,  176>» — SurooiDA  ici^wnifr  l>«*t«i««n  ttic  nr&cbnoid  uid  pia  in»t«T  io  lb«  tntd- 
dnrnl  rcffion  oftht  cord.  The  tamoor  litd  iitniDi;  from  tbe  meihefl  of  th«  ftrmob' 
CO  d.  Mid  WM  oqIj  tlightly  adhftrent  U»  the  piA  mat^r.  The  •pinal  con)  wu 
lompffned  4nd  Bofteiied.  lo  thr  fiffttre  tbe  dani-mMtral  sbeAth  b««  been  laid  open, 
•tcept  »t  the  topi  and  tbe  aritcbtioid  liai  been  opened  orer  the  lower  half  of  tb* 
tttmoiir.  whic  h,  5  em.  ton^,  Iim  on  the  potterior  and  (right)  latcml  aspect  of  Ibe 
C<ir4.t    ( Aft4?r  Liinc«rc«ni,) 

Fifl^*  177.—  A  tunioar  (T)  grrowiofr  from  tbe  don  mater,  and  oomprvtiing  tbe  rifrht 

«  of  the  tpiiial  ectd  nt  thit  origin  of  the  4tb,  6tb,  and  6tb  cervical  iiervn.  The 
1ii*iionr  wa«  a  fpindte-cellrd  Barcoma  9pt\ngif^g  from  tbe  arachnoid.*  (After  I^-y'ien.) 

*  Tbe  pnt-etit  wa*  a  woman  aeventy<one  yeara  of  age,  parapkgic,  with  iirong  flexor 
o*iiitfftctttre  of  tbe  togt*  loaa  of  power  over  thn  iphinciert,  and  coukiderable  impair^ 
nicttt,  hot  out  abtolnte  loci,  of  aeneibility.  Tbe  •ymptoma  (^me  on  gradually  aix 
ye^ra  before  daatb.     (Lancereaiix«  *  AtUi  d'Aoat.  Path^  p.  444.) 

t  Tbf  iMttieot  waa  •  woman  twentv -eight  yesre  of  age.  The  flrat  lymptom  waa 
pain,  railiatiii^  over  the  npper  part  of  the  abdotoen  on  tbe  rif;bt  lide,  and  after* 
WRrdii  eat^'ocliug  to  tl»e  Irg  and  to  the  left  aide.  Aft<>r  a  few  months,  Wfuknet  of 
tbe  Irga  grmdiialK  came  on,  and  be<«m«  abaolatc,  with  Iom  of  t^neation  and  nf  power 
over  the  •pUinctera,  Eitenaive  »vcd'r»re»  were  the  Immrdiat^  cause  of  death,  which 
uccarred  ei|f  htet^n  inonthe  mtUtT  tb«  Ott»et.     (Lanct^renni,  *  Ai1n».*  p.  447.) 

X  The  patient  waa  a  man  agud  thtrty>flvii.     At  twoittv^eigbt  pain  oomitieaoed  In 
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Uw  «pp«  iwrt  of  tlie  InniiMr  «akr|s^ 
Oolk«e  Ummmm.    Dnmrn  I9  Dr.  H.  &  8pm«r.)  "^  *^  wmwwmiy 

Fio.  180.— Nearomalft  of  fSbm  »oda  cq«iM^    (Allar  Luoermiiz.) 

bad  ai'parentlj  eirea  rite  to  no  trvptOM*. 


of  Uio  tooMmr 

TbegtowtlM 


the  right  fore«rni,  and  eootanaed.  iutermitUn^,  for  aoBM  jmn,  until  nt  thirtj>foor 
it  cxtro'i^  throagh  th«  wbolo  »m  to  the  neck  beside  the  ipiney  wher*  it  vm 
incrcit«ed  br  morement.  Similar  piun  aftervardt  enoM  on  In  the  left  mmu  Then 
followed  weaktie»«  in  the  right  •rm,  slight  ipeMB  in  the  right  leg,  end  tingling 
hk  the  left.  Tue  nrin  beeame  almost  powrlen  and  watted^  the  right  log  wc«k. 
and  flexion  of  the  neck  eaoood  severe  local  pain.  TheM  ■jmptomi  cootiBnod  and 
increased,  and  pain  in  the  lelt  leg  came  on.  The  cervical  epine  becanse  tender,  and 
■Boreiiietit  of  the  head  to  the  right  wa«  limited.  Then  both  lege  becauM  weak,  and 
sen«i"iiity  was  Io»t  a»  high  as  the  nipples.  The  paraplegia  became  absolnte  bed- 
sores formed,  and  the  patient  died  seven  jears  after  the  onset  of  the  sympt»ina. 
Softening  of  the  spinnl  cord  extended  down  hito  the  dorsal  ngion.  (Leyd«n»  '  Klin, 
der  Ruckeninarkskr./  Bd.  i,  p.  450.) 

*  The  (latient  was  a  man  agvd  twentr-eigbt.  whose  synptoms  oommencvd  nine 
monthn  before  death,  and  coDfii^ted  in  severe  pains  in  the  legs  and  progrcosim  weak- 
ness, the  power  of  standing  being  lost  abi>ut  fonr  months  after  the  oneet,  A  little 
power  in  ihe  flexors  of  the  hips  s»d  the  extensors  of  the  knees  persisted  almost  to 
the  l:i>t.  but  the  knee-jerk  wa«  lost.  All  the  muscles  of  the  legs  wasted,  thoee  Ixlotr 
the  knet*  extremth.  and  even  when  the  patient  was  first  seen  electrical  Irritabiliry 
was  L'reatly  lowert-d  to  l>oth  currents,  without  any  resotion  of  degeneration.  T.«ctile 
sensibility  wns  impaired  in  each  foot  and  lower  leg,  more  in  the  right  than  iu  the 
left,  and  chiefly  in  the  region  supplied  from  the  sacral  plexns.  Sensibility  to  peiu 
was  not  <«fFected.  The  bladder  whs  affected  CNrlv.  and  symptoms  of  pyelo-naphritis 
already  existed.     Tlie  kidney  disease  was  the  immediate  canse  of  death,  which  wee 

<!ceded  by  several  convalsioMs,  aitparently  unemie.    A  microscopical  examination 
red  considerable  dwinage  to  nnny  nerve-roots  involved  in  the  tnmonr,  while 
-s  had  escHiicd.     The  mnsclen  presente<l  intense  granular  degenerstkm  with 
bngitudinal  striation,  and  incresea  of  the  interstitial  noeisL 
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development,  and  often  associated  with  sjringomjelia),  are  those 
which  hare  most  frequently  a  considerable  vertical  extent.  Such  a 
glinnm  has  been  known  to  reach  from  the  medulla  oblon^ta  to  the 
binibar  region,  and  often  extends  up  from  the  cervical  region  to  the 
base  of  the  brain. 

The  cord  is  enlarged  at  the  seat  of  a  tumour,  and  the  precise 
cliaracter  of  the  enlargement  depends  on  the  position  of  the  growth. 
In  an  infiltrating  glioma  of  the  upper  part  of  the  cord  the  increase 
in  size  has  been  bo  greit  that  the  i^all  of  the  foninien  magnum 
caused  a  C4:»nBtriciion  around  the  swollen  cord.  Often  the  abiH>rmal 
colour  of  the  tumour  is  perceptible  on  the  surface.  The  consist- 
ence of  the  cord  may  be  letisened  in  soft  growths,  but  the  tumour 
is  oommonlj  firmer  than  the 
normal  cord»  and  the  differ- 
ence is  fiequentlj  increased 
bv  softening  in  the  viciuitr 
of  the  growth.  If  the  tumour 
reaches  the  surface  the  pia 
mater  and  arachnoid  may  be 
thickened  at  the  spot,  and 
thev  may  even  be  adherent 
to  the  dura  tnater,  but  there 
is  rarely  any  extension  of  the 
meningitis  to  other  parts. 
On  aection  the  growth  it 
Usually  very  distinct,  since 
iU  aspect  contrasta  with 
that  of  the  nerve-substance. 
Only  glioma  and  myxoma 
resemble  the  normal  grey 
lubstance  in  appearance,  but 
the  new  tissue  ia  usually 
distinct  in  position.  These 
tumours  in  some  cases  blend 
with  the  substance  of  the 
cord»  but  in  other  instances 
they  are  bounded  by  an  area 
of  softening  which  often  iso- 
Utea  even  invading  growths. 
Some  tumours  are  sharply 
limited.  It  may  be  ditticiilt 
to  say  in  what  structure  the 
tumour  began*  but  this  may 
sometimes  be  asoertaiDed  bj 
an  examination  of  tbe  Upper  and  lower  parte,  where  the  growth  is 
commonly  Hmited  to  that  part  r.f  the  cord  in  which  it  first  originated. 
Thus  in  Fig.  161,  B,  the  tumour  occupies  a  rerj  large  area,  alihougii 


Pio.  181.^Tuni"or  of  tplnni  oord,  ipntttr«n»t 
(rotn  tliv  ti«»u«  Hround  the  eeiitrHl  caiml 
A,  upper  part  of  the  tumour  in  the  m)d<it«*  of 
the  ccnriftil  region  ;  tbe  growth  I*  htri  witbin 
tbe  pOiUrior  comriii#*ar«,  B,  wclion  tbr^nj,:)! 
the  larveft  part  of  tlie  lutoour,  which  ooeupn  •> 
th*"  whole  ccntr»l  n-gifiti  of  tWe  ccurd.  J  be 
vertical  ezt'eot  wae  2  cn>.  It  wm  a  Mrnima 
ooitipo««d  chiefly  of  »pindlc  o«11j  arnktiireti 
in  fii*riculi  anil  in  Ci>,tuM>iitrii'  Uvera.  The 
patient  wM  tutfrHnr  mUn  fnttn  a  cerebral 
tnniotir  caoiing  homivWi*''  "ticl  tbe  npinal 
^owth.  wbJch  appi»rentl*  developed  rapidly 
durinft  tbe  final  p«*rir»d  of  jjaUv  and  pitMLrm* 
tioiv  woe  not  eotpected  dariuif  life. 
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the  nearly  equal  extent  on  each  side  aiiggests  its  centra!  origin,  and 
this  ia  clearly  seen  in  the  aectioa  through  the  upper  part  of  the  growth, 
in  which  the  posterior  commissure  can  be  traced  in  front  and 
li^hind  the  small  area  of  growth,  pointing  to  the  peri-ependy- 
mal  tiflsne  as  its  source.  Syphilitic  tumours  commonly  originate 
from  the  pia  mater,  aa  they  do  also  in  the  brain»  and  the  mem- 
brane in  their  vicinity  ia  often  thickened.  They  both  invade  and 
compress  the  nerve-tiesue.  An  instance  of  such  a  gumma  of  the  cord 
is  shown  in  Fig.  182,     It  probably  commenced  at  the  furrow  opposite 


¥lB*  182.^-8ypbi1oin«  Sn  the  tplnnl  cord,  occnpving  tb«  potitfnn  of  tlit 
pfitlerior  conixi  anrf  Btljncent  partHof  the  poitvnoriiBd  iKtertl  column*,  in 
the  lower  cerTicil  region.  Tlit*  tuninur  pre*etitc<l  tbi*  nt-un]  coiTkbitmiJon 
of  grey  trniiBlueent,  Bud  ypllow  che<^^y  areai.  A  sccoud  *iiH»ilar,  but  much 
■miiller  tun>onr  piistEd  hipher  up.  The  eyinploin«  weif  complicated  by 
bemiplpgiiii,,  Jfcc.ji  of  cerebral  orif;i)i,dtie  to  a  griinniDa  in  the  braiD,  Purm- 
lysU  with  ripid  flexor  cotitmcture  of  tibe  left  nrm  »nd  lep  were  upparf  fitly 
due  to  tbe  growth.  The  ditPMe  wai  certtlnl^  fvpbiliiie,  but  it  i*  note- 
worthy tbat  it  h«d  developed  donnp  contiimou*  trofttnient  by  full  dcmeB 
of  iodide,  which  had  entirely  renioved  euilier  ftjttQptoniA»  but  to  which  tliB 
ftj§tein  bad  apparently  become  ftccUHtomod. 


the  head  of  the  posterior  comu,  which  it  has  destroyed^  and  the  pres* 
iUTft  which  it  exerted  is  evident  from  the  displacement  of  the  posterior 
median  septum.  In  all  f<jrma  of  tumour  the  central  canal  is  often 
obliterated  by  the-preBBure,  and  may  be  slightly  dilated  higher  tip; 
this  dilatation  is  especially  common  from  growths  that  begin  in  the 
peri-ependymal  tissue.  The  considerable  enlargement  of  the  canal^ 
termed  "  Byringomyelia,"  ia  generally  associated  with  a  peculiar 
growth  in  this  position,  probably  congenital  in  origin ;  the  oondition 
ii  described  in  another  chapter.  In  other  forms  of  tumour,  cyst* 
occasionally  develop,  and  hffimorrhage  may  occur  into  such  cysts*  or 
into  the  softened  tissue  in  the  vicinity  of  the  tumour,  or  even  in  Hhm 
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Bubatanoe  of  a  eoft  growth  itself,  especially  when  this  is  a  glioma. 
From  the  region  of  the  growth,  secondary  degenerations  can  frequently 
be  traced  upwards  and  downwards,  but  these  are  often  slighier  than 
the  apparent  damage  would  suggest,  sometimes  by  reason  of  the 
remarkable  tolerance  of  the  nerve-fibres  to  presaure  if  this  is  slowly 
deTeloped,  sometimes  because  a  rapidly  growing  tiimoiir  has  not  given 
time  for  them  to  become  conspicuous.  As  regards  vertical  position, 
growths  may  occur  in  any  part,  but  are  said  to  be  most  frequent 
beneath  the  lower  cervical  spines,  and  in  the  upijer  and  lower  dorsal 
i-egions,  because  (it  is  conjectured)  there  is  least  room  at  these 
places,  although  why  the  reisult  should  follow  from  the  cause  is  not 
clear. 

SYMProMa. — ^The  symptoms  produced  by  tumours  within  the  spinal 
canal,  whether  these  are  within  the  cord  or  outside  it,  resemble  in 
their  general  characters  those  which  we  have  already  considered  as 
resulting  from  growth  and  caries  hi  the  bones  of  the  vertebral  column. 
The  resemblance  is  most  close  in  the  caKc  of  extra-dural  growths,  and 
least  so  in  that  of  tumours  within  the  substance  of  the  cord.  The 
chief  difEerencea  are  the  relative  piepuii*lorance  of  symptoms  of  early 
irritation  of  the  cord  itself  when  the  growth  is  within  it,  and  the 
frequent  IndicationB  of  a  transverse  extension  of  the  damage  from  one 
■ide  of  the  cord  to  the  other. 

In  the  majority  of  cases  pain  is  prominent  through  the  whole  course 
of  the  disease.  It  is  usually  the  earhest  effect,  severe  both  before  and 
after  the  developmeut  of  other  symptoms.  The  pain  may  be  intense 
along  the  course  of  the  nerves  which  arise  at  the  level  of  the  tumour, 
&nd  also  in  the  parts  supplied  by  nerves  below  that  level,  e.  g.ia  the 
legs,  but  it  is  not  felt  above  the  growth.  It  may  be  a  sharp  acute 
pain^  but  has  often  a  "burning"  character,  and  is  sometimes  "  stabbing** 
or  *' rending."  Dull  aching  pain  may  be  felt  between  the  attacks  of 
severe  pain,  or  before  them,  and  may  then  give  rise  to  the  most 
frequent  of  all  diagnostic  errora^ — mistaking  gmve  organic  disease  for 
simple  rheumatism,  on  account  of  the  similarity  in  the  character  of  the 
pains.  The  intensity  of  the  severe  pain  is  usually  very  great,  and  it 
has  more  than  once  led  the  ud happy  sufferer  to  attempt  suicide.  'J  he 
pains  are  often  felt  on  one  side  Jirst,  in  one  arm,  in  one  side  of  the 
trunk  at  a  given  level,  or  in  one  leg,  and  a  considerable  time  may 
elapse  before  they  extend  to  the  other  side.  Occasionally  the  pain 
is  bilateral  from  the  first.  Dr.  Starr  has  drawn  attention  to  the 
rarity  of  tenderness  of  the  nerves  in  the  line  of  the  pain.*  It  is 
generally  greatest  when  the  tumour  compresses  the  cord  from  behind 
forwards,  or  vice  versci  (Horsley)  ;  this  is  open  to  more  than  one 
explanation.  Pain  is  sometimes  increased  by  movement,  but  rarely 
in  the  intense  degree  common  in  tumours  of  the  bone.  When  the 
growth  is  in  the  lower  lumbar  region,  the  pain  is  often  first  referred 
to  the  soles,  and  seems  to  ascend.  The  sensory  loss,  due  to  subse- 
•  AILeu  Starr.  '  Auier.  Joyrn.  Mtd.  Sc./  1805. 
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quent  nerve  destruction,  follows  a  similar  course.  Pain  is  sometimes 
felt  iu  the  spine,  fref^uently  wlien  the  growth  tx-gius  in  the  dura 
mater,  rarely  when  it  is  within  the  substance  of  the  cord.  Tenderness 
of  the  spine  often  exists  in  the  fonner  cases,  but  is  on  the  whole 
not  common  Other  subjective  sensations  may  occur  with  the  pain 
or  in  the  intervals — "  numbness,"  tingling,  formication,  «S^„  and 
thej  give  signifi^iance  to  the  pains  as  an  indication  of  organic  damage 
to  the  nerTe-structures.  The  root-pains  in  the  trunk  are  oft«?n  accom- 
panied by  a  sense  of  constriction,  which  may  be  rerj  distressing. 
Hypereesthesia  of  the  skin  frequently  accompanies  pain  felt  at  the 
level  of  the  tumour,  less  commonly  that  in  the  parts  below.  Very 
rarely  pain  is  absent;  cliiefly  in  extra-dural  lipoma,  probably  from 
the  nature  of  the  growth. 

Muscular  spasm  is  another  common  symptom,  most  pronounced 
when  the  tummir  springs  from  the  membranes.  There  may  be  some 
rigidity  of  the  back  opposite  the  seat  of  the  growth,  usually  associated 
with  local  pain.  It  is  most  nuirked  when  the  disease  is  at  the  more 
mobile  parts  of  the  spine,  especially  when  it  is  in  the  cervical  region. 
In  sucU  cases  the  rigidity  may  be  painful,  and  the  pain  may  be 
ittci'eased  by  movement.  Severe  spasm  in  the  abdominal  muscles  in 
ciften  associated  with  severe  girdle-pain.  Contractures  may  develop 
in  the  limbs,  both  in  those  supplied  by  th.e  nerves  which  arise  at  the 
level  of  the  tumour,  and  are  directly  irritated  by  it,  and  also,  although 
less  commonly,  in  the  parts  supplied  from  the  spinal  cord  below  the 
level  of  the  growth.  Thus  the  tumour  in  one  half  of  the  cord  in  the 
cervical  region  (shown  in  Fig.  182)  caused  persistent  flexor  contracture 
in  the  arm  and  leg  on  the  side  of  the  growth,  and  in  the  early  stage 
of  doraal  tuiiiours  one  leg  only  may  be  rigid,  or  more  so  than  the 
other.  The  scat  of  rigidity  thus  needs  to  bo  specially  noted,  as  well 
as  its  character,  if  we  are  to  obtain  from  it  diagnostic  guidance, 
because  it  may  be  due  to  the  irrifation  either  of  the  nerve-roots  or 
of  the  conducting  tracts.  Both  forms  sometimes  occur  before  loss  of 
power,  but  pain  generally  precedes  them. 

Paralysis,  of  gradual  onset,  is  almost  invariably  one  of  the  sym* 
ptoms.  Paraplegia  is  t!ie  most  common  form,  but  all  four  limbs  mai 
be  paralysed  by  a  growth  in  the  cervical  region.  Yery  commonly  one' 
leg  becomes  weakened  before  the  other,  and  occasionally  one  arm  ami 
leg  suffer  before  those  of  the  other  side.  Tumours  which  are  situated 
in  the  middle  line  or  in  the  centre  of  the  cord,  however,  usually 
affect  both  sides  at  the  same  time,  and  the  effects  of  a  congenital 
growth  may  thus  accompany  and  complicate  those  of  an  associated 
syringomyeha  (q.  v.),  I'he  proximal  parts  of  the  limbs  seem,  as  a 
rule,  to  be  first  affected,  although  exceptions  are  occasionally  met 
"with. 

The  palsy,  gradual  in  onset,  is  usually  also  slow  in  its  extension^  the 
rate  of  its  increase  depending  on  the  rate  at  wliieh  the  tumour  grows 
and  compresses  the  spinal  cord.     This  is  the  characteristic  course  of 
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th©  paralysis  produced  by  a  tumour.  But  m  a  large  number  of  cases 
the  loss  of  power  comes  on  in  a  subacute,  or  even  an  acute  manner*  in 
consequence  of  the  myelitis  excited  by  the  compression,  which  ld  such 
crifies  may  run  a  course  of  independent  rapidity.  When  the  inflam- 
mation is  tlioa  in  excess  of  its  cause,  the  pal^iy  may  Inssen  as  damage 
from  the  inflammation  subsides  to  the  degree  of  the  damage  from 
pressure.  The  aymptoma  that  depend  on  compression  slowly  but 
surely  increase  aa  the  tumour  grows,  and  ttsually  attain  a  high  de^ee 
of  intensity;  the  loss  of  power  in  the  legs, for  instance,  becoming  abso- 
lute and  remaining  so. 

Loss  of  sensation  may  come  on  with  the  loss  of  motor  power; 
more  of  ten  after  this  haa  become  considerable.  It  may  lie  slight  or 
partial  at  first,  occasionally  for  a  long  time,  but  tends  to  become 
complete  as  the  damage  to  the  cord  increasi's,  and  it  often  ascends 
the  legs.  It  corresponds  in  distribution  to  tlie  motor  palsy  when  the 
disease  is  below  the  middle  of  the  dorsal  region ;  but  if  situated 
higher,  and  on  one  side,  the  sensory  loss  is  often  greater  on  the  side 
opposite  to  the  motor  paralysis.  Tumours  of  the  cord  furnish  a  con- 
siderable proportion  of  the  cases  in  wliieh  the  crossed  symptoms  of  a 
unilateral  lesion  are  well  marked  (see  p.  272).  In  addition  to  the  loss 
of  sensation  which  results  from  the  diimage  to  the  cord  itself,  areas  of 
amesthesia  may  exist  in  the  region  supplied  by  the  nerves  which  are 
damaged  by  the  growth,  and  in  which  the  severe  radiating  pains  are 
felt.  If  there  is  crossed  sensory  and  m<>tor  palsy,  these  root  symptoms 
exist,  cliiefly  on  the  side  opposite  to  the  anaesthesia  in  the  limbs. 
Inco- ordination  of  movement  is  not  a  common  symptom  of  spinal 
tumours*  but  has  been  occasionally  met  with  in  cases  of  growth 
invading  the  posterior  columns,  and  also  as  a  result  of  multiple 
tumours  of  the  nerve-roots  (see  p.  478 j.  Loss  of  power  usually 
co-exists  and  quickly  becomes  predominant  when  the  growth  is  in  the 
cord. 

The  condition  of  reflex  action  depends  on  the  position  of  the 
tumour.  In  the  lumbar  enlargcDient  or  the  cauda  equina  a  growtli 
abolishes  reflex  action  in  the  legs,  and  in  any  position  the  trunk- 
reflexes  are  lost  at  the  level  of  the  lesion.  But  when  the  disease  is 
situated  higher  up,  reflex  action  is  increased,  and  the  excess  of 
cutaneous  reflex  action  is  a  very  marked  and  early  symptom  of  the 
disease ;  it  is  lessened  and  lost  only  when  the  lower  part  of  the  cord  is 
damaged  by  secondary  myelitis  (superadded  to  <leseen<ling  degenera- 
tion and  distinct  from  it).  The  myotatic  irritability  presents  also  the 
increase  that  invariably  results  from  damage  to  the  pyramidal  tracts, 
and  the  usual  tonic  spasm  also  gmdually  develops  and  often  reaches  a 
h'gh  degree.  Its  loss,  with  muscular  relaxation,  sometimes  met  with 
under  these  conditions,  depends  on  a  descending  myelitis,  sometimes 
slight   and    partial.*     Muscular    contracture    is    superadded    more 

•  An  wii»  fonnd  to  be  tbe  cnm  by  P'rHiicotte  (*  Flbroino  de  In  Dtire-iiiiro  aplnale/ 
Li^g-e,  1888)   In  %  case  of  tnmDiir  compreasiiig^  the  upper  dorsal   r«gion.     Blight 
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frequently  in  turooura  tlia.ii  in  manj  other  diseases,  and  rigid  flpaam 
iu  the  flexors  of  the  knee  and  hip  may  keep  the  heels  m  contact  with 
the  nates. 

Wasting  of  the  muscles  is  for  the  most  part  confined  to  the  regions 
supplied  by  the  damaged  nerve-roots.  In  tumours  of  the  lombar 
enlargement  and  cauda  equina  the  atrophy  of  the  muscles  of  the  legs 
is  a  very  conspicuous  symptom.  Considerable  muscular  wasting  in 
the  legs  may  result  from  an  irritable  j^rowth  in  the  cord  above  the 
lumbar  enlar^ijfmout,  even  in  the  cervical  re<?ion,  (Imt  such  atrophy 
does  not  reach  the  extreme  de^ijrce  produced  by  growths  in  the  lumbar 
enlargement  or  cauda  equina,)  and  this  condition  is  further  dis- 
tinguished by  the  preservation  of  the  muscle-reflex  actions  (knee- 
jerk,  «Skc.),  and  often  by  their  excess  (foot-clonus).  Vaso-motor  dis- 
turbance sometimes  occurs  in  the  early  stage  of  the  disease,  chiefiy 
in  the  distribution  of  irritated  roots,  where  flushing  of  the  skin  has 
been  noted,  and  the  so-called  "moningitic  streak*'  {**  tacht  spinale") 
may  often  be  produced.  Occasionally  vaso-motor  oedema  is  a  con* 
spicuous  early  symptom*  In  the  later  stages  bedsores  are  very 
common  and  often  severe.  Dilatation  or  contraction  of  the  pupil  is 
common  when  a  tumour  is  situated  in  the  lowei*  cervical  region.  LosB 
of  control  over  the  sphincters  usually  accompanies  motor  palsy  in  the 
legs ;  their  state  corresponds  with  that  of  reflex  action  (p.  267). 

The  course  of  the  syinptoms  is  variable,  and  depends  on  the  rapidity 
of  growth  of  the  tumour^  and  on  the  share  which  secondary  myelitis 
takes  iu  the  production  of  the  symptoms.  As  a  rule  the  root  symptoms 
occur  first,  and  in  growths  outside  the  cord  they  may  exist  alone  for 
months  and  even,  in  the  case  of  a  slowly  growing  tumour,  for  years 
before  thf*  8ym]vtoins  of  damage  to  the  cord  itself  are  added.  On  the 
other  hand,  they  may  be  entirely  absent  in  growths  which  commence 
within  the  cord  itself.  In  some  cases  the  symptoms  are  steadily 
progressive  from  first  to  last.  In  others  t'le  progress  is  intermittent; 
periods  of  increase  in  the  syinpt^ms  alternate  with  stationary  periods. 
Tlieir  course  is  variable,  even  in  cases  in  which  the  seat  of  the  tumour 
and  its  nature  are  the  same,  because  they  depend  on  the  secondary 
changes  in  the  nerve- elements,  and  the  course  of  these  (such  as  the 
myelitis  induced  by  preggure)  is  subject  to  variations,  the  cause  of 
which  is  offeti  indisfiuct.  Thus  the  chronic  course  of  the  symptoms 
is  often  varied  by  periods  of  rapid  and  even  sudden  increase,  espe- 
cially in  the  case  of  growths  that  involve  the  spinal  cord  itself ;  and 
symptoms  that  have  thus  developed  with  rapidity  are  apt  (ae  already 
mentioned)  to  subside,  if  not  completely,  at  least  in  considerable 
degree.  Hence  a  mpid  increase  of  the  cord  symptoms  may  be 
followed  by  positive  improvement  for  a  time,  but  scarcely  ever  l^  an 

tlesoeudtng  iriflnmtii»tion  of  the  rig>jt  tintenor  cornu  coincided  with  fiaccid  fiolty  ♦  f 
the  right  leg*.  It  should  hnve  been  inrntioiied  that  the  eonnectioa  of  a  similar  toMof 
lujr'otatin  irritiibility  with  descetiding  intlummutiosi  in  doraiil  iwyeliti*  (referred  to  at 
pp. 264, 271  *Hd  360J  hui  betii  proved  io  two  Other  c&w*  by  FraiJcotte(locciUp*0). 
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actual  disappearanoe  of  tKe  manifeatations  of  tlae  disease.  The  most 
important  element  in  the  course  of  tie  disease  is  the  tendeBcr  to  a 
lateral  extension  of  the  symptoms,  the  expression  of  the  transverse 
extension  of  the  damage,  as  the  several  structures  of  the  cord,  at  the 
same  level,  snccessivelj  suffer.  Although  there  is  sometimes  an  exten- 
sion downwards  of  the  interference  with  the  central  functions  of  the 
cord,  when  secondary  myelitis  descends  to  the  lumbar  enlargement, 
there  is  scarcely  ever  an  extension  upwards  above  the  level  of  the 
initial  interference  with  function.  A  very  small,  slowly  growing  tumour, 
even  within  the  cord,  sometimes  causes  no  sjinptoms. 

The  chief  differences  between  ilie  ajmptoms  of  tumours  of  the  cord 
and  membranes,  besides  those  mentioned  on  p,  615,  are  that,  in 
the  latter,  the  root  symptoms  are  more  often  severe,  and  that  the  cord 
symptoms  occur  later,  and  are  at  first  more  limited  in  extent.  Spinal 
pain,  tenderness,  and  rigidity  are  more  common.  In  cord  tumours  the 
radiating  pains,  due  to  irritation  of  the  nerve-roots,  are  more  often 
trifling  or  absent,  unless  the  growth  begins  in  the  neighbourhood  of 
the  posterior  horn  ;  then  they  may  be  pronounced.  The  cord  symptoms 
are  often  bilateral  from  the  first,  and  in  central  tumours  they  may 
develop  equally  on  the  two  sides.  If  they  are  unilatertil  at  the  onset 
they  extend  to  the  other  side  eooner  than  in  the  case  of  meningeal 
growths.  In  the  case  of  tubercular  growths  the  symptoms  of  irrita- 
tion are  usually  subordinate  to  thuse  of  impaired  condaetionj  and 
pain  is  felt  chiefly  in  the  legs  {Herter),  Extensive  muscular  atrophy 
ia  more  common  in  tumours  of  the  cord  than  in  those  of  the  membranea 
(except  in  the  case  of  tumours  of  the  cauda  equina),  because  central 
tumours  may  diimage  the  grey  matter  through  a  considerable  vertical 
extent,  and  are  most  common  ia  the  enlargements,  and  alao  because 
myelitis  spreads  in  the  grey  matter  far  more  frequently  when  the 
exciting  growth  is  in  the  cord  itself,  than  when  it  ia  in  the  mem- 
branes. 

In  tumoxirs  of  the  cervical  region,  the  interference  with  movement 
of  the  neck,  from  the  rigidity  of  the  musdes,  10  often  well  marked, 
especially  when  the  tumour  is  in  the  membranes.  The  pains  due  to 
irritation  of  the  nerves  ai-e  felt  in  the  arms,  and  are  often  asscwiated 
with  muscular  atrophy.  The  excess  of  reflex  action  in  the  legs  ia  Yerj 
great,  and  if  the  influence  of  the  tumour  is  chiefly  on  one  side, 
liuniplegtc  weiikness,  with  crossed  anaesthesia,  is  present. 

Growths  in  the  dorsal  region  of  the  cord  usually  cause  severe 
radiating  pains  in  the  trunk,  often  accompanied  by  an  intensely  painful 
sense  of  constriction,  by  hypertesthesia,  and  sometimes  by  ancesthesia. 
The  simple*  merely  sloping  course  of  the  dorsal  nerves  reveals  the  pre- 
cise position  of  the  disease  more  clearly  than  do  the  symptoms  in  the 
arms  when  the  tumour  is  in  the  cervical  region.  The  interferena^  witb 
the  trunk -re  flexes  often  corroborates  the  indications  afforded  by  the 
subjective  symptoma.  Spinal  tenderness  may  be  alao  present,  but 
rigidity  of  the  spinal  musclea  is  not  common.    Beflex  a^^tion  in  the 
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legs  presents  tae  same  btccbs  tliat  results  from  tumouTs  in  the  cervical 
region,  but  sometimes,  especially  when  the  growth  is  near  the  lumbar 
enlargement,  or  the  pressure  mjelitis  has  been  acute,  the  descending 
myelitis,  as  we  have  seen,  maj  aboUsh  the  reflex  action  and  remove 
spiLsm,  if  this  |irerioualy  existed. 

The  symptoms  prodiKXHi  by  tumours  which  involvie  the  lumbar 
enlargement  vary  cotisidorably  according  to  the  precise  position  of 
the  growth*  The  characteristic  pains  are  felt  in  the  legs,  and  the 
muscles  supplied  from  the  part  invaded  or  compressed  undergo 
atrophy,  and  present  loss  of  reflex  action  and  of  myotatic  irritability; 
but  the  aua^stbesia  ia  often  litiiited  in  area.  A  growth  in  the  upper 
part  of  the  enlargement  may  cauBt?  wasting  only  in  the  flexors  of  the 
hip  and  extensors  of  the  knee,  with  loss  of  the  Ince-jerk  and  aiuea* 
tliosia  in  the  front  of  the  thigh,  while  the  muscles  below  the  knee 
present  simple  palsy  with  myotatic  excess.  Thus  a  man.  who  had  had 
syphilis,  complained  of  pain  in  the  left  groin  and  thiLjh.  and  presented 
wasting  of  the  extensors  of  the  knee,  with  ansestht^sia  in  the  front 
of  the  thigh ;  there  was  loss  of  the  left  knee-jerk,  and  a  foot-donna 
on  each  side.  He  recovered  partially,  but  there  was  doubtless  a 
small  syphiloma  at  the  upper  part  of  the  lumbar  enlarf^meut  on 
the  left  side,  interrupting  the  reflex  arc,  damaging  the  left  motor  and 
sensory  roots,  and  compressing  both  pyramidal  tracts.  A  growth  in 
the  membranes  adjacent  to  the  middle  or  lower  part  of  the  lumbar 
enlargement  usually  causes  sympjtoms  of  wide  distribution,  affecting 
the  whole  of  lx)th  legs,  and  the  early  flymptoms  of  irritation  often 
involve  the  distribution  of  the  upper  lumbar  nerves.  But  a  growth 
at  the  same  level  within  the  cord  may  affect  chiefly  the  muscles  of  the 
lower  legp  and  cause  anaesthesia  in  the  region  supplied  from  the  sacral 
plexus.  There  may  also  be  palsy  and  wasting  of  all  the  muscles  of 
both  legs,  rom  extensive  secondiuy  myelitis,  but  even  then  the  sensory 
loss  is  usually  limited.  In  lumbar  tumours  there  is  early  palsy  of  the 
bladder  and  sphincters.  Examination  of  the  sphincter  ani  shows 
absolute  paralysis,  and  not  the  pure  reflex  action  present  when  the 
disease,  arresting  voluntary  influences,  ia  higher  up  the  cord.  The 
timdency  to  bedsores  ia  commonly  strong  in  tumours  of  this  part. 

Growths  situated  in  the  cauda  equina,  which  are  below,  and  do  not 
affect,  the  cord  itself,  produce  symptoms  very  similar  to  those  due  to 
tumours  of  the  lumbar  enlargement,  but  the  symptoms  are  bilateral 
from  the  first  in  the  majority  of  cases.  Eai'ely  one  leg  is  affected 
alone  at  the  outset.  The  symptoms  usually  begin  in  the  lowest  part^ 
of  the  legs,  which  are  throu^'hout  involved  in  greater  degree  than  the 
ui»per  parts,  and  the  flexors  of  the  hip  may  escape  altogether. 
Muscular  contraction  is  much  less  common  than  in  tumours  situated 
liigher  up.  The  anflBatbesia  is  chiefly  in  the  region  supplied  by  the 
sacral  plexus ;  the  pains,  usuallj  very  severe,  are  first  felt  in  the  same 
region,  and  thePB  may  be  severe  patn  on  each  side  of  the  sacrum 
radiating  to  the  region  of  the  sciatic  nerves.    The  muscles  below  the 
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knee  rapidly  waste,  and  often  (but  not  always)  preient  tlie  degenera- 
tiTO  reaction.  These  Bymptoms  were  well  marked  and  characteristic 
in  the  case  figured  and  described  at  p.  612  (Fig,  179),  and  the  condi- 
tion of  the  musclefi  suggests  that  the  aheence  of  any  voltaic  iiTitabilit y 
in  the  muscular  fibres  was  due  to  their  early  and  iutense  fatty  degene- 
ration. In  many  cases  the  symptoms  are  irregoilar  in  diBtribution,  the 
nerres  are  included  in  the  growth,  and  are  often  damaged  unequally, 
sometimes  less  than  might  be  expected  from  the  size  of  the  tumour, 
which  may  be  considerable  before  its  expansion  is  arrested  by  contact 
with  the  bony  walls  of  the  canal.  Hence  the  loss  of  sensation  may  be 
partial,  and  reflex  action  may  not  be  completely  abolished.  In  the 
case  above  mentioned,  for  instance,  a  prick  on  the  sole  caused  a  reflex 
contraction  of  the  muscles  in  the  npppr  parts  of  the  legs,  but  of  these 
alone.  In  many  cases,  however,  the  loss  of  sensation  has  been  abso- 
lute, and  reflex  action  also  has  been  entirely  lost.  The  tendency  to 
trophic  changes  is  great,  and  an  affection  of  the  sphincters  is  almost 
invariable.  Cystitis  and  its  consequences  readily  occur,  and  may 
reach  a  high  degree,  in  consequence  of  residual  accumulation,  when 
tiie  patient  ia  conscious  only  of  slight  difficulty  of  micturition. 

Multiple  tumours  (met  with  especially  in  cases  of  tubercle  and 
glioma tosie)  may  give  rise  to  very  complex  symptoms.  If  there  are 
only  two  tumours,  they  may  be  indicated  by  the  successive  develop- 
ment of  focal  symptoms,  similar  in  character  but  different  in  seat. 
In  some  cases  in  which  there  are  many  growths,  only  one  or  two  of 
the  largest  have  caused  symptoms,  and  the  smaller  tumours  have 
nm  a  latent  course.  In  other  cases  in  which  many  tumours  have 
caused  slight  symptoms,  these  have  simulated  closely  a  system- disease 
of  the  cord.  Thus,  in  the  remarkable  case  recorded  by  Hughes 
Bennett,  multiple  growths  on  the  posterior  nerve-roots  produced  the 
characteristic  manifestations  of  locomotor  ataxy. •  When  cerebral 
tumonrH  have  co-existed  with  multiple  spinal  growths,  the  symptoms 
of  the  latter  haFC  usually  been  lost  in  those  of  the  intra-cranial  disease 
which  has  often  preceded  the  spinal  lesion. 

The  duration  of  the  symptoms  of  tumours  of  the  cord  and  mem- 
branes, those  of  sjpliilitic  nature  being  excluded,  vai'ies  from  three 
months  to  five,  or  even  ten  years.  Equally  variable,  but  shorter,  is 
the  time  that  elapses  before  the  symptoms  reach  their  full  develop- 
ment, which  depends  partly  on  the  secondary  inflammation,  partly  on 
the  rate  of  growth  of  the  tumour.  From  the  former  cause,  the  time 
may  be  only  &  few  days,  when  the  myelitis  is  acute ;  from  the  Intter 
it  may  be  as  short  as  three  or  four  weeks,  in  tumours  of  tubercular  or 
ayphilitic  nature.  In  the  majority  of  cases  death  ensues  at  the  end  of 
from  one  to  three  years  from  the  commencement  of  the  symptoms,  but 
these  last  longer  when  the  growth  is  outside  the  dura  mater  than 
when  inside  the  sheath.  The  immediate  cause  of  death  is  usually  the 
direct  01  indirect  effect  of  the  tumour ;  but  in  s-yphiiis  death  is  some- 
•  •  Ciiii.  TrdiisV  IbSb, 
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timea  duo  to  disease  elaewhore,  and  in  tubercle,  frequently  to  g^nen] 
pulmonary  tabercolosis  (which  usually  preoedee  the  ipiual  growth), 
or  sometimes  to  meningitis. 

DiAOKOsiB. — The  evidence  of  a  growth  consists  in  the  symptoms  of 
a  focal  lesion  of  slow  deTOlopuient,  and  especially  in  the  preflence  of 
signs  of  compression  and  irritation  (pain  and  rigidity),  while  the  eig- 
nificance  of  these  is  increased  by  indications  that  the  disease  began  at 
the  surface  of  the  cord»  and  sometimes  by  the  history  of  a  cause,  at 
syphilis.  Although  no  symptom  is  actually  pathognomonic,  yet  ttw 
combination  of  the  symptoms,  and  their  course,  are  in  most  caMi 
sufficiently  characteristic.  Those  of  greatest  diagnostic  importance 
are,  first,  the  pain  that  is  felt  in  the  parts  at  the  level  of  the  tumour, 
or  below  it,  and  sometimes  in  the  spine ;  setondlj,  the  progressive 
paralysis,  motor  and  sensory.  Of  less  but  still  considerable  importance 
are  the  rigidity  of  the  muscles  of  the  spine,  the  muscular  contractions 
in  the  limbs,  and  the  early  and  marked  excess  of  reflex  action  when 
the  cord  itself  is  involved.  In  the  course  of  the  disease  the  most 
important  features  are  the  steady  progress  of  the  symptoma,  auid 
especially  their  commencement  on  one  side  and  extension  to  the  other. 
Of  causal  indications  that  occasionally  assist  the  diagnosis,  the  most 
important  are  a  history  of  constitutional  sypiiilis,  the  presence  of 
tubercular  disease  elsewhere,  and,  in  rare  instances,  the  existence  in 
other  parts  of  such  multiple  growths  as  are  known  to  occur  also  within 
the  spinal  canal,  especially  multiple  sarcomata  and  neuromata. 

The  diagnosis  of  multiple  growths  depends  on  the  recognition  of  the 
successive  development  of  the  characteristic  symptoms  in  more  than 
one  focus.  It  is  rare  for  more  than  two  of  many  tumours  to  cause 
definite  symptoms.  The  greatest  absolute  difficulty  in  the  dia^osis 
of  a  spinal  tiunour  is  presented  by  the  cases  sometimes  met  with,  in 
which  an  intra-cranial  tumour  precedes  the  growth  within  the  rertebnl 
column,  and  the  symptoms  of  the  latter  are  overlooked  in  the  preseiue 
of  the  severe  manifestations  of  the  former.  In  moat  cases,  howeTer, 
the  additional  symptoms,  which  usually  exist,  may  be  detected  by 
careful  observation*  and  their  significance  t^oognised.  Growths 
involving  the  cauda  equina  cause  symptoms  like  those  of  tumours  in 
the  lumbar  enlargement,  save  that  the  effects  are  from  the  first 
bilateral  in  even  more  pronounced  degree,  and  the  evidence  of  inter- 
ference  with  the  nerves  (loss  of  reflex  action,  nerve  pain,  Ac.)  is  even 
more  conspicuous. 

The  differential  diagnosis  involves  the  distinction  from  diseases  of 
the  vertebral  bonea,  of  the  membranes,  and  of  the  cord  itself.  Caries 
of  the  spine  has  many  symptoms  in  common  with  tumour,  but  the 
root  pains  are  rarely  very  severe,  and  the  effects  of  compression  of  the 
cord  are  usually  bihiterai  either  from  the  first  or  very  soon  after  their 
commencement ;  the  paralysis  seldom  reaches  a  considerable  degree  in 
one  leg  before  the  other  suffers.  The  signs  of  bone  disease  are  rarely 
long  absent,  and  repeated  examination  usually  reveals  tenderness  and 


I 


I 
I 


I 


TUMOUltS,  623 

irregularity  of  the  yertebral  apines.  From  growths  in  the  boaes  of 
the  Bpinal  ooLunm  the  dia&^aoiiis  may  at  first  bt;  imputitiible.  But  the 
pain  of  tumour  is  mrely  iDcreafiod  bj  niov«njeut  to  the  same  iut-ense 
degree  as  when  the  growth  commeutes  in  thtj  bom\  uule&s  the  tumour 
is  in  the  cervical  rej^nou  of  the  cord,  and  then  the  greater  accessibility 
of  the  vertebral  column  renders  the  exeiuaion  of  bone  growths 
comparatively  easy  by  local  examination.  In  the  dorsal  region  a 
growth  in  the  bone  may  long  esciipe  detection,  but  even  here  the 
influenco  of  movement  on  the  pain  is  often  extreme,  far  greater  than 
in  the  case  of  tumouri^  within  the  canal.  The  eSect  of  the  movement  of 
the  vertebraj  on  the  nerve-roots,  when  compressed  as  they  pass  through 
the  foramina,  is  far  greater  than  when  they  are  eompru8s»^d  within  the 
canal.  Sooner  or  later  a  local  enlargement  may  preisent  itself  ex- 
temaUy,  and  shuw  the  nature  of  the  ease. 

"Hypertrophic  pachymeningitis,*'  affecting  the  cervical  region,  ia 
the  only  meuingeai  disease  which  closely  simulates  the  symptoms  of 
tumour,  but  its  effects  are  usually  from  the  first  bilateral,  and  they 
hare  a  considerable  vertical  extent.  Hence  it  is  only  with  central 
tumours,  which  grow  through  several  inches  or  more  of  the  cord,  that 
the  disease  is  likely  to  be  confounded.  In  each  malady  there  may  be 
muscular  atrophy  in  the  arms,  and  paralysis,  without  wasting,  in  the 
legs  But  in  central  tumoui-s  the  pains  m  the  arms  are  usually  mui  U 
slighter  than  in  the  thickening  of  the  membrane,  and  there  is  rarely 
the  early  and  limited  impairment  of  ail  forma  of  sensation  wliich  results 
from  the  damage  to  the  nerve- roots  in  the  latter  disease.  This  is  also 
true  of  syringomyelia,  in  which  tactile  sensibility  usually  persists,  al- 
though untypical  cases  may  present  much  dilficuliy.  The  diagnosis  ia 
considered  more  fully  in  the  account  of  that  disease. 

The  afifection  of  the  cord  itself  which  moat  closely  simulates  the 
symptoms  of  tumour  ia  a  very  chronic  transverse  myelitis.  In  such 
a  case  as  that  shown  in  Fig.  108,  p.  388,  the  diagnosia  may  be  a  matter 
of  extreme  difficulty.  The  radiating  pains  in  this  case  were  severe 
and  local,  and  the  hmitations  of  the  Bymptoms,  for  a  long  time,  to  one 
side,  with  crossed  sensory  and  motor  palsy,  presented  an  almost  perfect 
analogy  to  the  effects  of  a  growth.  But  it  is  very  rare  for  severe 
and  acute  radiating  pains  to  result  from  focal  myelilis,  although  a 
painful  sense  of  constriction  is  common ;  monnivc^r,  in  tumour,  one 
half  of  the  cord  seldom  suffers  severely  without  the  functions  of  the 
other  half  also  being  very  soon  impaired  in  some  degree.  The  limitation 
of  chronic  myelitis  to  a  single  focus  is  also  very  unusual ;  a  consider- 
able vertical  ext^^nt  of  the  e^rd  is  usu;illy  involved  in  varying  degree. 
Hence  the  practical  dilfieulty  in  diagnosis  ia  not  so  great  as,  at  first 
sight,  might  appear.  Acute  or  subacute  myelitis  can  only  be  con- 
founded with  a  growth  in  cases  in  which  inflammation  results  from 
pressure,  and  develops  with  independent  energy  and  rapidity.  In 
such  cases  the  occurrence  of  rovelitis  must  be  recogmaed,  and  the 
niiagnostic  problem  is  the  detection  of  the  preceding  symptoms  of  the 
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many  cases.  If  the  patient  lias  "had  constitutional  avpHlis  the 
■jphilitic  nature  of  the  growth  is  highly  probable,  and  the  probal>ility 
is  further  raised  in  degree  if  the  growth  developed  rapidly,  so  that  the 
gymptoms  attained  a  considerable  intensity  in  less  than  three  months 
from  their  onset.  The  co-existence  of  a  cerebral  lesion  also  increases 
the  likelihood  of  the  sypkilitic  nature  of  the  growth.  Either  of  the 
last  two  considerations  suggests  the  same  conclusian  in  any  case  in 
which  syphilis,  although  not  prored,  is  possible  j  but  it  must  be 
remembered  that  cerebral  and  spinal  tum^ours,  of  other  than  syphilitic 
nature,  may  co-exist.  In  tht>  same  way,  tubercular  and  scrofulous 
processes  suggest  the  tubercular  nature  of  a  tumour.  Most  cases  of 
tuberculiir  growths  have  occurred  in  adults*  the  subjoots  of  phthisis, 
■lie  diagnosis  is  made  more  probable  by  rapidity  of  course»  by  the 
speedy  extension  of  the  symptoms  to  the  second  side,  by  the  slightnees 
of  erideuce  of  irritation,  and,  in  some  cases,  by  periods  of  arrest  of  the 
progress  of  symptoms  that  were  slow  in  their  development.  Such 
arrest  indicat^^s  an  arrest  of  the  growth  of  the  tumour,  which  we 
cannot  infer  from  the  subsidence  of  symptoms  that  developed  rapidly, 
and  may  have  been  due  to  secondary  inflammation.  Wlien  a  rapid 
onset  is  due  to  this  cause,  imtation  symptoms  are  usually  pro- 
notmced.*  Tumours  elsewhere  always  constitute  strong  eridenoe  of 
the  nature  of  one  in  the  cord,  but  such  an  indication  is  rarely  avail- 
able, since  the  spinal  canal  is  rarely  the  seat  of  secondary  growths. 
Hydatids  can  only  be  diagnosed  if  others  are  present  where  their 
nature  can  be  recognised ;  this  has  hardly  erer  been  the  case  in  the  rare 
instances  in  which  such  tumours  have  existed  within  the  spinal  cord. 
Multiple  tumours  are  probably  either  tubercle,  sarcoma  or  neuroma. 
In  the  absence  of  these  indications  a  meningeal  tumour  is  probably  a 
sarcoma^  perhaps  fibrous  or  myxomatous,  and  one  within  the  cord  is 
probably  a  glioma  or  tubercular,  because  these  are  the  most  frequent 
growths  in  those  situations.  A  diagnosis  founded  on  mere  frequency 
of  occurrence  has  necessarily  only  a  low  degree  of  probability,  and 
must  be  sometimes  wrong;  but  it  may  be  highly  probable  that  the 
growth  is  one  of  two  or  three  kinds,  and  this  may  be  of  considerable 
practical  value.     To  the  surgeon  the  point  is  of  great  importance. 

PBOONosis.^TTnless  the  tumour  is  syphilitic,  or  can  lie  removed. 
the  prognosis  is  necessarily  most  grave.  Of  all  syphilitic  lesions, 
growths  are  those  that  are  most  amenable  to  treatment,  and  the 
effects  of  which  most  certainly  pass  away  if  they  have  not  reached 
an  extreme  degree  or  lasted  too  long  a  time.  If,  however,  the  damiigc 
has  been  allowed  to  rem&in  unchecked  for  Beveral  months,  recovery 

*  That  numbneu  ta  the  left  l«'g,  with  iocrcftted  •enftitlveiMM  to  pain  in  the 
thigh,  WM  qnukljr  foliawiMl  by  coniplet«  p«raple^ft|  ih«  hjpawtthMia  b«cmtna 
r«itri«Wd  to  the  region  iupplic<l  by  the  Ant  lomb«r  nervML  Detklh  oocoirod  two 
oontha  sAw  the  onwt  of  tbo  a^rmpiottii^  And  »  toberculAr  tnmotir  irai  found  ia  ths 
uppi^r  part  of  the  lombar  rnlirgetufnt^occnpying  almott  tba  whole  tbidciutt  of  lbs 
cord  (Lndook, '  Jsbrb.  d.  Ejuaburg.  SUaUkr.,'  1896), 
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maj  be  imperfect.  Tumours  of  moat  oilier  kinds  aleadllj  ittcnase^  asd 
the  resulting  damage  is  on  the  whole  steadily  progretaive,  nJtboitgli  Ha 
course  may  In*  vnniHi  bj  stages  of  rapid  (myelitic)  increase  in  (ho 
symptoms,  followed  by  etaiionary  periods  and  even  br  tnuiMiit 
improyement.  lu  the  case  of  growths  outside  the  cord  the  firogaoidi 
haa  been  rendered  much  lees  gloomy  by  the  pro^'rt»»s  of  aur^erj, 

TREATSfEN^T. — If  the  growth  is  syphilitic,  appropriate  trwitmfii 
should  be  energetic  and  prompt,  so  as  to  effect  8om»*  T  •j^^  0f 

the  pressure  as  quickly  as  possible,  since  the  longer  MttSttM 

the  more  considerable  are  the  degenerative  changes,  and  the  tangrr 
these  will  endure.  Even  the  influence  of  a  few  days  before  tTratnifiiit 
becomes  effective  may  make  a  difference  of  weeks  in  the  duration  ut 
symptotns,  and  lessen  the  degree  of  ultimate  recovery.  W 
the  symptoms  suggest  a  tumour,  and  syphilis  is  possible^  it  !■ 
important  that  suitable  treatment  should  be  employed ;  it  can  do  no 
harm  if  the  tumour  is  not  syphilitic,  and  may  save  the  patient's  life 
and  strength  if  it  is.  Syphilis  can  only  be  excluded  when  then?  lta« 
been  no  poesihilUy  of  infection.  In  many  cases  of  late  syphilitic 
lesions  there  is  no  history  of  secondary  syphilis,  and  in  others  there  m 
no  history  of  a  primary  sore.  Hence  it  is  a  priori  certain  that  in  ione 
cases  of  late  lesions  a  history  of  both  primary  sore  and  saooodaij 
symptoms  will  be  absent,  and,  as  a  matter  of  fact,  such  caaea  aro  met 
with  not  unfrequently.  Of  course  these  cases  cannot  be  counted  a« 
syphilitic  in  any  scientific  investigation  into  the  inffucnce  of  thia 
disorder,  but  in  treatment  we  have  often  to  allow  weight  to  oonsideni- 
tions  which  are  insufficient  to  influence  scientific  investigation,  and 
treatment  determined  by  the  mere  possibility  of  syphilis  is  ohm 
justified  by  its  results.  Tubercular  tumours  are  also  amenahle  to 
treatment  to  some  extent,  but  they  are  too  rare  to  be  of  much  praotkal 
importance. 

In  most  other  cases  we  can  do  little  more  than  treat  sympt<yot8. 
relieving  pain  by  sedatives,  watching  the  state  of  the  bladder, 
preventing  the  occurrence  of  cystitis,  and  guarding  the  patieiii 
from  bedsores.  We  must  remember  that  sedatives  will  probahly  be 
needed  for  a  long  time,  and  they  must  therefore  be  used  aa  sparingly 
as  possible,  lest  custom  and  tolerance  depriye  them  of  their  pow^r. 
Cocaine  may  be  used  in  many  cases  aa  an  aid  in  economising  the 
influence  of  morphia. 

But  many  tumours  within  the  spinal  canal  may  be  remoycd,  at  any 
rate  if  they  are  outside  the  substance  of  the  cord.  The  anticipation 
that  such  growths  would  be  found  removitble  was  expressed  in  tha  &n% 
edition  of  this  book  (1B86).  in  words  that  may  be  quoted  beoanao 
they  were  soon  afterwards  realised  : — **  Modern  methods  render  tha 
opening  of  the  spinal  cau&l  far  less  formidable  than  it  formerly  was, 
and  the  removal  of  a  tumoiu*  from  the  membranes  of  the  oord  would 
tnyolve  less  immediate  danger  of  serious  oonseqnenooa  Ibaa  H^ 
removal  of  a  tumour  from  the  bntin." 


TUMOUUS. 


e27 


On  the  other  hfijid.  growths  withm  the  spiiuil  cord  ore  in  a  yery 
different  position  with  regard  to  surgical  procedure,  since  the  remoTal 
of  yuch  a  tumour  could  hardlj  fail  to  cause  a  traumatic  inflammation 
that  would  damii^'e  and  perhaps  destroy  all  the  elements  of  the  cord  at 
the  spot,  and  would  probably  be  permanent  in  ita  effects,  eepecially 
when  these  structures  have  already  suiTered  from  pressure.  At  the 
same  time  the  early  removal  of  a  small  growth  might  possibly  be 
followed  by  the  regeuenition  of  conducting  fibres  that  arc  on  the  other 
side  of  the  organ,  and  the  return  of  their  function^  lost  only  through 
the  effects  of  pressure. 

En  a  man  with  complete  parftpleglit,  motcn-  and  sensory,  of  slow 
development,  accompanied  by  attacks  of  agonising  spasm,  a  diagiKtsis 
of  tumour  led  me  to  advise  the  removal  of  the  growth.  This  was  done 
by  Mr.  Horsley,  and  the  result  has  been  the  permanent  recovery  of  the 
p&tient  Although  the  intense  spastic  paraplegia  showed  that  there 
must  have  been  complete  degeneration  of  the  pyramidal  fibres,  eveiy 
indication  of  this  has  p^assed  away.  The  tumour  was  a  m3rxo  fibroma, 
about  the  size  of  a  split  almond,  which  had  so  compressed  the  cord  in 
the  upper  dorsal  region  as  to  reduce  its  thickness  to  about  one  half.  It 
was  within  the  dural  sheath,  and  adherent  to  the  cord.*  It  u 
certain  that  many  growths  might  be  removed  without  diflioulty,  and 
with  a  secure  result,  although  not  many  instances  have  been  since 
recorded. 

In  connection  with  an  operation,  a  question  sometimes  arises  that 
is  of  Terj  great  importance,  and  oft^n  of  equal  difficulty.  The  sym- 
ptoms are  consistent  with  the  syphilitic  nature  of  the  growth ;  and  this 
^oauae  and  nature  cannot  be  excluded,  except  by  the  disproof  afforded 
by  the  inutility  of  treatment.  But  it  is  essential  that  this  disproof 
should  be  afforded  before  an  operation  is  decided  on ;  and  the  question 
arises*  how  long  should  be  allowed  for  this  process  of  practical  exclusion* 
— how  long  should  treatment  be  continued  without  result  to  justify 
the  last  resort  ?  It  needa  to  be  longer  when  the  symptoms  are  of  con- 
siderable duration  than  when  they  are  recent,  since  secondary  changes 
of  long  duration  cannot  be  quickly  removed.  Time  is  needed  in  every 
instance  to  permit  a  trustworthy  conclusion,  but  a  mouth  is  pro- 
bably always  enough  to  enable  a  result  to  be  reached  that  will  jtistify 
either  further  delay  on  the  one  hand,  or  immediate  procedure  on  the 
other. 

Finally,  one  injunction  given  by  Mr,  Horsley  may  be  emphatically 
c*udorsed.  If  it  is  clear  that  the  growth  is  not  syphilitic,  and  that  no 
good  can  be  done  by  other  treatment,  delay  in  an  operation  can  only 
eailM  harm^K:an  only  resxilt  in  a  less  favourable  state  for  the  proceed- 


*  TIm  dr(«)ta  of  th«  operaiioD  mvt  full  of  iDttractlon  In  rsfereDoe  to  tiixiilRT 
proetduret,  »n<l  ar«  \g\vm  in  thi*  accotint  of  tlm  c«a«  in  the  *Med.«Cblr.  Trmna^' 
vol  Itsi.  ie»a.    Tbc  iitn^ical  upcet  of  tbe  sobjtot  ts  ioo  Urge  to  b«  e&|tr*d  on 
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dilated  central  canal ;  but  as  there  ifi  no  real  dilEerenoe  between  this 
and  other  Tsrieties,  the  designation,  being  unneoeasaiy  and  even  mis* 
leading,  is  falling  into  disuse. 

To  iinderstand  the  origin  of  these  eonditiona  it  is  necessarj  ta 
Temember  the  mode  of  development  of  the  spinal  cord.  The  sides  of 
the  primitiTe  furrow  of  the  embryo  coaJesce,  so  as  to  form  a  canal  of 
relatively  large  size,  the  walls  of  which  are  thinner  in  front  and 
behind  than  at  the  sides,  and  consist  of  elongated  oells,  some  of  which 
are  arranged  regularly  at  the  inner  surface  of  the  cavity,  like  an 
epithelium.  The  anterior  wall  first  becomes  thickened,  to  form  the 
white  commissure  and  the  front  part  of  the  grey,  while  an  abundant 
growth  of  cells  occurs  at  the  sides  of  the  tube,  and  extends  forwards 
(i.  e.  downwards  in  the  position  of  the  embiyo),  thus  forming  the 
lateral  and  anterior  columns ;  between  these  two  projections  is  the 
depression  of  the  anterior  fissure.  Next  occurs  a  growth  backwards 
of  the  now  thick  sides,  which  forms  the  posterior  parts  of  the 
lateral  columns  and  the  adjacent  part  of  the  posterior  colunms,  and 
with  this  the  posterior  roots  are  connected ;  this  forms  the  "  root- 
Eone'*  of  the  posterior  columns.  The  posterior  median  columns  are 
formed  later.  The  central  canal  extends  backwards  between  these 
two  rudimentary  postero-extenial  columns,  being  closed  behind  only 
by  a  thin  layer  of  cells.  As  the  posterior  columns  increase  in  thick- 
ness the  posterior  part  of  the  canal  becomes  narrowed,  and  its  walls 
unite  near  its  anterior  extremity  so  as  to  form  the  posterior  grey 
oommissure*  and  divide  the  canal  into  two  parts.  Of  these  the  ante- 
rior becomes  the  permanent  canal,  while  the  posterior  is  reduced  to  a 
narrow  fissure  between  the  posterior  columns.  Ultimately  this  poste- 
rior narrow  part  becomes  closed  by  a  growth  of  cells  which  occurs 
from  behind  forwards,  as  the  median  parts  of  the  posterior  columns 
develop.  AH  these  parts  consist  first  of  embryonal  cells,  which 
afterwards  undergo  a  transformation  into  the  nerve-elements  proper, 
and  the  order  of  transformation  is  the  same  as  that  iu  which  the 
parts  were  formed,  the  posterior  median  columns  latest.  The  cells  of 
the  grey  matter  are  formed  before  the  fibres  of  the  white  columns. 
Some  of  the  embryonal  elements  undergo  a  different  and  slighter 
change.  They  may  almost  be  said  to  persist,  constituting  the 
neuroglia,  and  ^e  gelatinous  grey  substance  continuous  with  it 
around  the  cord,  and  also  massed  at  the  posterior  root  fissure  and 
around  the  central  canal. 

The  central  canal  ultimately  lies  in  the  anterior  part  or  middle  of 
the  grey  commissure.  It  may  persist  through  life  ai  a  cavity,  cir- 
cular m  section,  or  as  a  slit,  autero-posterior  or  transrerse.  and  is 
Uned  with  epithelium    (Pig.   183).      Around  the  canal  there  are 

th«  cmiea  ••  f»llowi;--L  H.vdromTeltii,  which  riin«  %.  ktent  eoorM  vritbout  neco^' 
nlMbU  •ymptoro*.  11 «.  Primnfjr  (oeotral)  |rlio«ii,  with  or  without  lijdrouiyrlm  t 
(1)  without  Mikity  foratMitiin;  (2)  with  tpliU  and  mirftj  fonoBtion.  116.  Cetitrml 
f  liomAtovU,  with  or  without  cavitj  fonmtioo. 
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usunllj  many  nnclcar  elements,  especially  on  each  side  of  it»  and 
these  frequently  fill  up  the  lumen  of  the  canal,  so  that  its  position  ii 
indicated  only  by  an  oval  mass  of  small  cellular  elements  (Fig.  1S3,  d). 
The  ol»Lik*ra1ioii  of  the  canal  often  occura  quite  early  in  life,  and  i§  no 
evidence  of  any  morbid  process.  The  canal  may  be  found  obliterated 
in  one  part  of  the  cord,  and  patent  in  another  (o,  i>,  Pig.  183).  The 
simple  closure  of  the  canal  by  nuclei  does  not  usually  cause  any  disten- 
sion of  the  part  which  is  above  the  closed  portion,  or,  at  any  rate,  not 
more  than  a  very  slight  increase  in  size,  so  trilling  that  its  signifi- 
cance is  open  to  question, 

-     .     -  Syringomyelia    occurs    chiefly  in   tk* 

cervical  and  upper  dorsal  regions  of  the 
^  cord.     The  cavity  ia  often  closed  below 

by  gliomatous  tissue,  and  the  excess  of 
thia  may  extend  up  into  the  medulla  and 
even  pons.  Occasionally  the  cavity  exists 
through  the  whole  length  of  the  cord. 
and  may  extend  into  the  medulla  oblon- 
gata, and  then  affect  the  aqueduct  of 
Sylvius  and  the  tissue  around  it. 

In  the  simple  condition  found  in  young 
children,  or  in  adults  when  no  secon- 
dary changes  have  occurred^  the  morbid 
change  presents  the  two  features  already 
naentioned— a  quantity  of  tissue  of  trans- 
luoent  aspect,  which,  from  its  structure, 
is  clearly  persistent  embryonal  tissue  in 
which  nerve-elements  have  not  deve- 
loped, and  a  cavity  due  to  imperfect  con- 
traction of  the  canal.  The  change  is 
always  confined  to  the  posterior  half  of 
the  cord,  and  iisuany  to  the  posterior 
as   we  have   seen,  are 

In  eiich  it  ii  lined  by  colmnimr  ^"^"^*;^  ^^'  ^^  oiay,  however,  be  pre- 
epitbcliura  mud  Burrounded  by  sent  in  one  or  both  posterior  horns,  in 
ocUnlar  demecita,  rounded,  or  ^^^^  cavities  ako  may  be  formed.     The 

mingltd  with  prunulM.  Tii  l>,  persistent  embryonal  tissue  may  be  evi- 
whiuh  it  from  tbe  •»;ne  ipiniil  dently  increased  by  a  process  of  various 
r.,"^o;l';u7b"Tmltf  degrees  of  growth,  and  th«carityenUr«ed 
AQclear  tiMtie.  by  distension.    Further,  when  the  persis- 

tent  tissue  is  considerable  in  quantity  it 
may  break  down,  and  thus  give  rise  to  &  new  cavity,  or  enlarge  that 
which  has  developed  from  the  primitive  canal.  Thus  the  cavity  may  be 
distinct  from  the  canal,  and  in  some  cases  the  abnormal  tissue  around 
it  is  very  small  in  amount,  and  reduced  oven  to  a  mere  waU.  It  may 
also  b«>  separate,  bt*caus6  it  is  the  hinder  piirt  of  the  embryonal  canal, 
cut  o£E  by  coalescence  of  the  walls. 


Flo.     183.— Central      canal      in 
norciiat  cords.  It  hiia  the  forin  of 
a  transrerfie  slit  in  A,  &  Terticil 
ilit  In  C  (from  the  oonu*  medul-   columns,    which, 
kri..).  while  in  B  it  h  circular.   ^^^^^  ^^^     ^^ 
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Thea©  conditiooa  are  shown  very  well  in  the  adjoining  figareB,  after 
Lejden  (Figs.  184,  185).  In  the  first,  at  a,  the  cavitj  presents 
nearly  the  shape  which  it  ha,s  at  one  period  of  development,  before 
the  formation  of  the  posterior  colnmna  is   completed,  and  without 


Fio.  1S4. — Syrini^royelm,  from  .  .  >....:  L-.  ■  >*?atB  old,  with  enceplialCK-ele  mid 
iibs«nce  of  oerebollum.  (After  Lejden.)  In  A, cervical  region,  the  cetitrni,  I'atial 
ic  lArpe,  lined  with  epithelium,  and  from  it  a  mediiil  fiifture  eitetidi  backwHrdi 
nearly  to  the  periphery  of  ttia  curd^  limited  by  a  luyer  of  bocQOgeQOOas  tlseQe, 
more  iibundnnt  at  the  poBterior  limit.  In  B,  lower  down,  the  fissure  b  enlhrged 
to  ft  cftvitj  of  considerable  iixe,  wbile  in  C  it  ii  still  larger,  and  the  posterior 
oolumns  are  reduced  to  &  ttarrow  none  between  the  layer  of  tissae  wbieh  bontsidt 
the  cavity  and  the  g^rej  subttiknco. 

the  separation  into  two  parts  produced  by  the  formation  of  the  poa- 
terior  commissure.  It  is  bounded  by  a  narrow  layer  of  embryonal 
tissue,  which  widens  out  behind,  having  nearly  the  shape  of  the  pos- 
terior median  columns,  which  are,  aa  we  have  seen,  the  last  to  be 
formed.  In  b  and  o  the  cavity  is  much  larger,  and  the  posterior 
oolumns  are  smaller,  either  by  an  earlier  arrest  of  development  or  by 
greater  distension,  or,  most  probably,  by  the  influence  of  both  these 
agencies.  The  cavity  extends  up  to  the  posterior  surface  of  the  cord, 
and  is  closed  in  there  only  by  a  narrow  layer  of  cellular  structure. 

In  Fig.  185  we  have  somewhat  more  complex  conditions.  The 
cavity  in  the  first  section  closely  resembles  in  appearance  that  in  a  of 
the  last  figure,  but  differs  in  the  important  fact  that  the  post  erior  com- 
missure has  afjparently  been  formed  and  the  central  eaual  developed 
in  the  normal  manner,  although  it  has  become  obliterated  by  nuclei. 
This  is  clear  if  the  commissure  is  compared  in  the  several  figures. 
The  cavity,  therefore,  does  not,  as  in  Fig.  184,  represent  the  whole  of 
the  primitive  canal,  but  only  the  posterior  portion  after  its  division. 
Tbe  adjacent  tissue  is  much  more  abundant  thaD  in  the  other  case. 
The  projection  into  the  posterior  extremity  of  the  cavity  indicates  a 
process  of  active  growth,  which  is  also  shown  by  the  irregularity  of 
the  cavity  in  b,  the  large  amount  of  tissue,  and  the  wide  sepamtion  of 
the  posterior  horns.  In  c,  from  the  lower  part  of  the  cord,  the 
eiobrjvtnal  tissue  occupies  two  oval  areas  in  the  posterior  column  (by 
mistake,  clear  in  the  figure),  while  the  cavity  is  closed  or  nearly  80. 
(Lower  down,  a  cavity  existed  in  the  centre  of  each  of  these  areas, 
app*arently  due  to  breaking  down  of  the  tissue.)  In  d,  Eigain,  the 
embryonal  tissue  occupies  only  the  middle  line,  as  a  wedge- shajjed 
area,  due  to  the  defective  formation  of  the  medial  part  of  the  posterior 
columns.  It  has  been  mentioned  that  the  neuroglia  may  be  regarded 
as  a  persistent,  slightly  modified  embryonal  tissue,  and  these  exuberant 
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reaeiiiblaiice  in  stmctnre  to  g] 
been  called  **  gliomatoais.**     la  exich  of  tJ^a. 
mwm  the  brain  participated  in  the  defect 
daffelopment ;    there    was    internal  hji^jg^ 
^qpiialos.  and  the  cerebellum  was  abscaL 
The  cavities  in  the  adult  cord  prej 
many  Tarieties.     The  most  common  fo 
lesembles  in  its  essential  features  the  ec^^^  ^ 
genital   disease  which    we   liave  ju«t  oo^^" 
sidered.     Between   the  two  there  are  al«*^ 
differences,   but  the   resemblance  is  bu^^ 
ciently  close,  and  the  origin  of  the  diffe^" 
enoes  is  sufficiently  clear,  to  make  it  pra*^' 
ticallj  certain,  as  already  meDtioned,  tlio-* 
the   two   forms  are   reallj  the  same,  aaa 
that  the  form   met  with  in  adults  is  th^ 
congenital  condition,  persisting  until  lat«r 
life.     Of  the  characters  which  this  foim  ha* 
in  common  with  the  congenital  disease,  iha 
most  important  are  the  position  of  the  cafi- 
ties  and   the   presence  of    tissue  in  their 
vicinity  of  embryonal  or  gliomatous  nattire. 
The  differences    defH?nd    on    an    apparent 
increase   of    this    tissue   by  a    prncf!88  ol 
growth,  on  the  greatf^r  datnage  to  the  other 
parts  of  the  cord  by  the  distension  of  the 
cavity,  and  on  the  extent  to  which  the  for 
mat  Jon  of  new  cavities  or  enlargement  of 
H^    1^  —  siyfin^omiTi'liii^  old  ones  takes  place  by  a  process  nf  disin- 
^^jj^,»biW  .tf^-^l  two  tt»Hl  a  tegration  of  the  newly  formed  or  persistent 
^j^Sy-'-    tuid  absence  of  tissue.     Ihe  damage  to  the  cord  produced 
mMIuui.  (Af u>r  Lejd*'ii,  }^j  distcuBion  of  the  cavity  involves  most 

!^*'f  *^'  B.'^wrvLnl"  ^^^  ^^^^'^  ^"*^   ^^^^  resisting  parts.    The 
^  u'«*  (etwbi-Tfo-  grey  substance,  therefore,  suffei-s  in  greatest 

w  ih^  i>o6UTioT  ciogi-ee ;    the  white  columns   to  an   exteut 

^.  ^u  pluMt  with  tbat  depends  in  part  on  the  precise  post- 

«Ck  iiuiii»  ittid  tion  of  the  cavities,  as  presently  to  be  de- 

t|.x  .«.  .v».mrcr.,TL^  c!  ecribed.  The  latter  also  present,  in  many 
t«*«c  4«nmUj  iu  mi  h  paste'  ca^es,  the  complicating  changes  of  second- 
•  u.  .^umu  U  ft  iimi*  of  g^y  degeiieratiou,  ascending  or  descendinsi. 
uy  M  luksuke.  it  ^  shown  in  Fig,  186>  due  to  the  oom- 
•W^u  ito  0  M  •«  open  preasion  of  certain  tracts  at  some  speclaUr 
^liX^'.r  '■  "•  ^!!Z  affected  spot. 
ySk^.  I  the  po«.       As    the     simplest    condition,    we    maj 

I^SrVuv ^.iuvo«.  ijave    a    dilatation    of    the    central    canal 

(Ulii^uudud   by  gliomatous   tissue  disposed  as   in   congenital  casea* 
riu»  tii«a»  is  often   more  abundant,    and  forms  a  more   distinct 
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lower  down  the  oord 
below  the  cayitj.  A  good 
example  of  this  condition 


'•liglit  degree  is  presen 
the  cord,  the  scat  of 


ted 


B 


> 


chronic 
mjelitis,  repreeent^^  at  Fig. 
109,  p.  385.  In  the  cerrical 
region  (a)  there  is  a  large 
central  canal*  bounded  by  a 
thick  lajer  of  gliomatous 
tisfine.  In  the  inner  part  of 
this  tissue,  limiting  the  caritj. 

a  einuoua  membrane,  fibrous 
Btructure.  The  origin  of 
this  mem  b  nine  is  not  easj  to 
explain,  but  tt  is  often  found 
in  cavities  of  this  character, 
and  is  evidence  of  the  similar 
nature  of  those  that  difl'er 
much  in  other  respects.  In 
the  lumbar  region  (b)  the 
tissue,  which  bounds  the  eavitj 
in  the  other  section,  forms  a 
large  round  mass  in  the  posi- 
tion of  the  canal,  obliterating  il 

When  a  central  cavity  ap- 
{)ears  not  to  be  the  canal  itself, 
but  to  be  situated  behind,  it  is 
then  apx>arenUy  often  due  to  a 
persistence  of  the  fore- part  of 
the  posterior  portion  of  the 
eanal,  after  the  ptisterior  com- 


FlO.  ISd.—  S.vrinpotnyeliji*  Irom  »  "^ 

iiise'  of  tnmoart  of  the  pon*  and 
fttud*  cquinti,  wtih  tome  diffuM 
pdcrotis   in    the    clonal    rofdoQ    of 

the  cord,    A.  B,  and  C  art  •«ci!on«  ^^ 

fif   tbu  cervical   enlnrgeineMt.      TLa  '    ~Z 

Ijirv'O  cavity   iu   A    i»  perhnp*   the 

<lili*U»d   cftoal,  iince  it    U  lined    in  ^^  ^ 

front  with  apithelium,  but  in  front  of  it^  In  tha  postfrior  rotniniasore,  !•  a  gmop  of 
naolei  like  an  obliterated  canal.  TI10  Ton#  of  tissue  around  the  eytt  ia  compoaod  of 
interlacing  Abrcft  and  naclel.  und  processes  eiu«nd  from  it  into  the  potteiior 
coluDAiu  both  in  front  Miid  behind.  In  B  the  cavity  ig  BinaUer  and  tha  wall 
thicker,  wbila  in  C  the  tis«ae  nbout  it  fornii  a  oon«ider«ble  idms  ^id  «  ••■cond  iuiaU 
cavity  hai  formed  in  ttie  middle  line.appHrenlly  bv  the  breaking  down  of  the  tfaaoe. 
In  tha  dortal  re^on  (D)  th<fre  was  merely  an  iiiiaxunlly  Urgi*  acfomQlatioD  of  noolei 
ia  tha  position  of  the  eanal,  which,  in  the  lutnbar  region.  \\%A  tlte  uonDHJ  sMpect  (E). 
The  cord  presents  drgenvration  of  the  right  pyramidal  tntct  (d«ifC4*i)c!ing:  f n>iu  the 
tittituir  in  the  pan*),  and  of  the  tximt.  mL*d.  cola,  and  ant.  lat.  ascendidg  tract^  pco> 
kably  iisctftidiug  from  the  ftcterosu. 
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miasure  has  been  formed.  In  Fig.  186,  for  instance,  we  tare  & 
o?iitral  cavity,  but  in  the  commissure  in  front  of  this  is  a  mass  ol 
nuclei  haTing^  the  usual  aspect  of  an  obliterated  canal.*  The  tfaritjj 
is  aurrounded  bj  a  zone  of  tissue,  which  in  a  and  b  sends  off  a  fringe] 
of  processes,  especially  backwards.  This  tissue  is  increased  in 
lower  part  of  the  cervical  region  (o).  In  b  a  small  cavity  ia  forme 
between  the  tissue  and  the  grey  matter  by  breaking  down,  and  in  c 
aaother  exists  in  the  middle  line  behind  the  growth,  probably  due  t-o 
deficient  closure  of  the  original  fissure,  and  increased  by  a  destructive 
process.  Still  lower,  the  commissure  resumes  its  normal  appearance, 
but  the  collection  of  nuclei  in  the  jx)8ition  of  the  canal  is  unusually 
large  (n).  In  the  lumbar  region  the  canal  is  patent  (e). 
degeneration  of  the  posterior  median  column  and  of  the  lateral! 
columns  is  aecoudary* 

We  have  seen  that  in  the  congenital  cases  we  must  recognise  a 
process  of  growth  of  the  persistent  embryonal  tissue  to  account  for 
some  of  the  conditions  met  with,  and  a  like  process  ia  suggested  by 
the  central  mass  in  Fig.  109»  b.  Hence  it  is  not  surprising  that  in 
many  cases  the  growth  should  attain  the  dimensions,  and  assume  the 
characters,  of  a  positive  tumour.  In  most  cases  the  tumour  has  been.. 
central  in  position,  and  has  had  the  structuixj  of  a  ghoma.  It 
occupied  a  large  part  of  the  area  of  the  cord  at  a  certain  level. f  In 
the  chapter  on  the  tumours  of  the  cord  it  has  been  pointed  out  that 
sarcomata  also  may  grow  from  the  tissue  aroimd  the  central  canal,  as 
in  the  case  shown  in  Fig.  131.  Hence  it  ia  not  surprising  that  thQ, 
condition  of  syringomyelia,  even  if  this  is  congenital  in  origin,  should' 
be  frequently  associated  with  definite  tumours.  The  growths  have 
often  been  multiple,  apparently  the  result  of  a  wide-spread  tendency,  and 
perhaps  c^^nuected  with  a  wide-spread  persistence  of  embryonal  tissue, 
of  which  remarkable  instances  are  sometimes  met  with.  In  the  case 
shown  in  Fig.  186  there  was  a  tumour  of  the  pons  and  also  one  of  the 
Cauda  equina.  The  nature  of  the  growths  is  uncertain,  but  they  were 
probably  either  sarcoma  or  glioma.  The  same  tendency  to  morbid 
groivths  is  illustrated  also  by  Fig.  187,  which  is  similar  in  many  respects 
to  that  just  considei-cd.  In  this  case  also  there  was  a  tumour  of  the 
pons  and  one  of  the  cauda  equina,  and  there  was  also  a  oenti'al 
growth  in  the  dorsal  region,  occupying  the  greater  part  of  the  area  of 

•  This  is  the  probable  luterpretation.  At  the  same  time  it  is  ponsibte  thmt  the 
nuclei  hnve  not  thi«  si  pit  Hen  nee,  ami  that  it  is  reftUy  tho  central  cbdiiL  It  is  ofteu 
inore  ditftcult  than  migbt  be  imagined  to  tay  whether  a  cuvity  does  or  does  not 
represaiit  the  centrsl  csnal.  The  presence  or  ahuence  of  sn  epitbelitl  tining  bft« 
general  I J  been  twkerk  iis  »  criterion,  but  It  is  doubtful  whether  this  has  aoj  sig^nifi- 
canca.  Aroiuid  the  whole  of  the  originsl  cavity  the  inner  Uyer  of  cells  is  arraitge<l 
SB  an  epithetiuin,  and  If  any  part  of  It  perBistt  it  is  probable  that  epithennm  will 
perfist  «l«t>.  Moreover  thn  epithelium  often  dlsnppiarft  from  the  wull  of  the  dilated 
central  canal  itself }  always  wht-re  k  is  enlarged  by  breaking:  down  of  tissue. 

f  Aa  in  an  interesting   cast»  des<!Tibed  and   tignred    by   Uiesi»ger«  *  Virvlmi 
Aretalv,'  Bd.  veriiL 
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the  cord,  to  which  the  aflcexiding  defjenPTations  were  eccondary.  In  a 
there  is  a  krge  central  cavity  which  is  probably  not  the  central  canal, 
siuce,  as  in  the  last  figiire, 
the  position  of  thifl  is  marked 
by  the  oval  jarroup  of  nuclei 
iu  the  anterior  part  of  the 
grey  commissure.  The  zone 
of  tissue  which  tx»iiQda  it  is 
narrow,  but  a  few  processei 
are  given  off  behind-  In  b, 
first  dorsal,  this  tissue  forms 
a  compact  mass,  and  the  pro- 
cesses are  numerous  and  very 
similar  to  those  in  the  last 
figure.  In  c  the  commissure 
m  reduced  almost  to  normal 
conditions.  In  this  cord  we 
have  also  an  instance  of  the 
fact  that  cavities  may  occur 
in  other  parts,  very  similar 
in  their  gencrd.1  characters  to 
those  that  occur  in  the  central 
region.  In  b  a  large  cavity 
occupies  the  intermediate 
grey  matter  and  posteiior 
comu  on  the  right  side,  with 
some  morbid  tissue  bi>unding 
it  on  the  medial  side.  In 
o     the     cavity    is     smaller  

Fl».  187.^Svrin^fiiy^lia,  f rom  »  ct»B  \u  wbith  tber«  wire  tnmnDrt  In  th«  dorsal 
region  of  Ll>e  cord. the  raii'ta  fqniuR, nnd  tbe  pont  V'nrolii.  A^miij-cervical  region. 
A  \nr^c  ovfll  cnvity  )k^a  lielnnd  th«  |;r(?y  commii'surt',  surruiiuded  by  n  narrow  wall^ 
chiefiv  composed  of  6ne  fiUres,  but  with  a  wiivy  membrane  od  the  inner  turface. 
In  front  'f  tlm  pOit«riiir  cotnmiMnre,  an  oval  group  of  nuclei  bus  the  inspect  of 
an  ob]itei^t4>d  c«'i)tnil  ennal.  A  few  abort  procf«ees  extend  from  the  wall  of  tba 
cHvity  into  the  pusttrior  coIiiinnR.  There  it  iecomUry  ascendinur  deuertHration  of 
t.be  po-it.  nied.  cola,,  rigbt  dir*cr.  pynnnidal  tract,  and  mici'nding  fintero-biteral 
truct  ill  sS\  tbe  tectioni.  B,  first  dorsal.  Ftebind  the  poateriur  comnii?<8ijro  is  & 
growtb  coTtBtsting-  of  imall  ccll% round  auil  fusiform, the  liitter  with  round  nuclei. 
It  eontaiiiM  mnny  veA»clH  with  thiikcned  wa]]t.  A  fringe  of  fine  procesetea  «iten<l» 
Irom  it  into  the  posterior  colnmna.  An  irrepnlar  cavity  ocrupics,  on  the  right 
*ide,  the  pos'.erior  half  of  the  fjrey  matter,  which  ia  reducfd  to  a  narrow  layer 
around  the  cy^t.  Tina  in  lineil  by  a  delicate  niik^leated  nieinhnme,  ontaide  which 
10  ft  thicker  membrnne,  lyinjr  in  folda,  the  ftcction  of  which  ia  tbu*  isinnows.  Out- 
aide  tliis  ap^nin  iai  n  kui all- fuelled  growth  atmilar  to  that  behind  the  com ni insure. 
In  C,  a  little  lower,  ihts  cftv^ky  is  smftller,  tiie  Kinnneitif »  of  thi*  wull  creater,  and 
the  growth  outside  it  more  abundant.  (Still  lower  the  area  was  entirelj  occupied 
bj  the  growtli.)  lu  the  po^ti^rior  rommieaure  there  ia  only  a  quimlity  of  looae 
nncleated  tii*sue  in  the  aiumtinn  of  tlie  prowtb,* 

*  For  the  opporttunty  nf  drawing  theae  sectiona  1  am  indebted  to  Br.  Dfe^chfeld, 
A  full  account  of  the  caae  b&^  been  publiahed  by  Dr.  HurrU  in  *  Bntn/  Jan^  1886, 
The  large  growl  ha  were  sarc-oinutn. 
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and  tile  tiflaue  around  it  is  more 
abundant,  but  easily  distinguish- 
able from  the  grey  subj^tauce, 
while  a  little  lower  down  the 
cavitj  disappeared  and  the 
tissue  formed  a  compact  rounded 
mass.  The  cavity  is  lined  by  a 
delicate  layer  of  cellular  mem- 
brane; outside  this  is  a  fibrous 
membrane,  lying  in  folds  which 
appear  as  sinuosities  in  the 
section.  The  existence  of  this 
niembrdne  shows  that  the  caTity 
is  not  simply  formed  by  the 
breaking  down  of  the  tissue. 
The  tissue  is  quite  similar  ia 
structure  to  that  which  is  behind 
the  commissure  in  b.* 

The  posterior  comu  Ib  not 
an  uncommon  seat  of  cavities, 
which  may  extend  through  the 
whole  length  of  the  horn.  An 
example  of  this  is  shown  in  Fig. 
188.  Hajmorrhage  had  occurred 
into  the  oerrical  region  of  the 
cord  (a.),  which  was  enlarged 
and  distended  with  blood,  so 
that  the  precise  character  of  the 
cavity  in  this  region  was  indis- 
tiuguishable ;  the  blood  also 
filled    the    cavity  through    the 

•  In  rooMectiun  witli  the  tumour  of 
the  caudii  t^quina  in  these  two  cnsea, 
it  may  be  mentioned  that  the  ■ame 
coincideDce  has  been  observed  in  other 
IntttAuceR.  There  wai  a  tumotir  m  that 
■itnntion,  for  iufltanc^,  in  Iho  cate  d«* 
acribed  by  Ris«iBigi?r,  who  rightly  re- 
^rdiiig  the  cimlition  ■■  congenital 
in  origin,  suggests  that  the  tumour 
may  be  oonn^itad  with  the  fuet  that 
the  embryeiial  cord  occuptcd  the  entire 
length  of  the  nan&L 

Ptki.  189. — Seciioni  of  a  npinal  c^id  In  which  a  cavity  existed  thronghoat  its  If  ngtlu 
Hemorrhage  in  the  cervical  region  waa  the  iromediate  cnuBe  of  deiith.  The  extm* 
vatatioti  bad  there  disteudtid  the  eord  (A),  and  had  bur«t  into  the  cavity,  whtch 
was  Riled  with  blood.  A  smiinvr  cavity  existed  in  the  right  oornu.  In  thv  upper 
dorsftl  region  (B).  In  tscetpnrts  the  inn^r  turface  wai  sliirhtly  irregular,  its  if  pro* 
daced  by  bri^aking  down  of  the  tinsue,  hut  riear  the  position  of  the  ceutral  canal  a 
«iniioa9  «rn*mbrftDe  eiisted  in  phicer^  withont,  however,  any  epithelial  covering. 
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entire  Icngrth  of  the  cord.  In  the  upper  dorsal  region  (b)  there  are 
two  cavities,  one  in  each  posterior  cornu,  but  that  on  the  right  ceased 
a  little  lower  down,  while  the  other  extended  to  the  himbar  region^ 
as  fihown  in  the  figure,  reaching  almost  to  the  surface  of  the  cord. 
The  upj>e'r  and  inner  extremity  of  this  cavity  is  in  the  position  of 
the  central  canal,  no  other  ti-aoe  of  which  exists.  There  is  some 
abnormal  tissue  in  the  neighbourhood  of  the  commiaeiire,  and  also 
in  0,  where  irregular  tracts  pass  transversely  from  the  median  septum 
into  the  fore- part  of  tho  posterior  columns.  The  presence  of  this 
tissue,  and  the  relation  to  the  central  canal,  suggest  a  congenital 
ongin,  "During  the  reduction  in  size  of  the  canal,  in  the  development 
of  the  cord,  the  cavity  presents  at  one  period  short  lateral  processes, 
and  we  can  therefore  understand  how  a  still  earlier  arrest  of  develop- 
ment may  lead  to  the  persistence  of  a  lateral  process  on  one  side  or 
both,  surrounded  by  residual  embryonal  tissue,  and  that  the  cavity 
should  afterwards  extend  in  this  tissue  or  in  the  grey  matter  by  a 
process  of  growth  and  disintegration,  such  as  probal>ly  had  occurred  in 
Fig.  18B,  D.  A  comparison  of  j>  and  e  suggests  that  the  two  cavities 
were  united  in  the  middle  Line  in  the  upper  part  of  the  cord,  where 
the  haemorrhage  took  place. 

In  the  conditions  we  have  hitherto  considered,  definite  limited  regions 
of  the  cord  have  been  involved  through  a  considerable  vertical  extent. 
The  changes  are  sometimes,  however,  much  more  diffuse  in  their  dis- 
tribution, as  ia  shown  by  the  remarkable  lesions  represented  in  Fig. 
189.  In  this  cord,  which  is  that  of  an  adult,  we  have  a  combination 
of  the  same  two  conditions  of  abnormal  tissue  and  cavities.  Scattered 
through  the  nerve-substance  are  tracts  of  a  peculiar  tissucp  represented 
by  the  darker  shading  of  the  figure,  aud  in  mauy  regions  thus  affected 
there  are  cavities,  for  the  most  part  fissure-like,  as  if  the  cord  had  been 
split  here  and  there.  At  first  sight  the  appearance  suggests  an  active 
and  recent  morbid  process ;  nevertheless  I  think  that  the  congenital 
origin  of  the  londition  is  beyond  doubt.  It  will  be  observed  that  the 
morbid  changes,  as  in  the  oti  er  forms  of  syringomyelia,  are  chiefly  in 
the  posterior  half  of  the  cord;  small  areas  of  disease  in  the  anterior 
columns,  in  the  sections  e  and  f,  are  the  only  exceptions.  The  minute 
structure  of  the  abnormal  tissue  was  exactly  like  that  of  the  normal 
gelalinoufl  layer  bcueath  the  pia  mater,  Besides  the  conspicuous  areas 
figured,  it  could  be  traced  here  and  there,  in  small  tracts,  through  the 
whole  of  the  posterior  columns  and  the  hinder  parts  of  the  lateral 
oolumns,  and  alpo  in  the  posterior  horns,  in  the  grey  matter  of  which 
it  could  be  readily  distinguished.  The  relation  of  the  cavities  to  this 
BTibstance  is  distinct ;  where  they  extend  beyond  it,  this  ia  apparently 
the  result  of  the  distension  of  the  cavities  and  an  actual  fissuring  of 
tl»e  cord,  along  the  lines  of  connective  tissue,  by  the  pressure  of  the 
contained  hquid.  The  medial  cavity  in  c  ia  doubtless  due  to  defective 
closure  of  the  original  fissure  between  the  posterior  columns.  In  the 
lumbar  region  the  nerve- fibres  are  absent  from  the  front  of  the  posterior 
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oolumns,  where  »  coarse  network  of  tMs  residual  tissue  enclotet 
etiiptj  spaces. 

The  damage  to  the  grey  matter  jn&y  entail  alterations  in  the  related 
nerTes,  and  even,  in  cases  of  long  duration,  in  those  connected  with 
the  posterior  roots.  In  the  peripheral  nerve-fibres  of  the  skin  and 
muscles,  changes  of  the  ordinary  chronic  degenerative  character  were 
found  by  Dejcrine  in  cases  in  which  sensation  was  altered  or  the 
muscles  wasted. 

Thus  these  various  forms  of  sjiingomjelia,  in  spite  of  their  Tarift- 
tions  in  seat  and  form  and  general  aspect,  when  closely  studied,  seem 
all  to  be  connected  with  gliomatous  tissue  ;  and  that  the  morbid  st&te 
takes  its  origin  in  abnormal  conditions  during  the  development  of  the 
cord  is  practically  certain  from  their  seat  and  features.  This  lesson  is 
clearly  taught  by  the  facts  shown  by  the  cases  here  illustrated.  It  is 
probable,  therefore,  that  this  conclusion  is  also  true  of  cavities  of 
similar  charncter  and  position  in  which  no  gliomatous  tissue  can  b^ 
recognised ;  and  most  of  the  hypotheses  regarding  the  origin  of  such 
cavities  from  processes  of  simple  myelitis  and  the  like  have  no  suffi- 
cient foundation.  But  we  are  still  ignorant  of  the  mechanism  by 
which  the  defect  in  the  process  of  development  is  brought  about.  It 
has  been  extensively  ascribed  to  an  inflammation  of  the  embryonal 
neuroglia  at  an  early  stage  of  development,  but  of  this  there  is  no 
real  evidence.  It  is,  moreover,  no  explanation  to  assume  a  primary 
intra-uterine  hyperplasia  of  the  embryonal  tissue.  It  is,  indeed, 
possible  that  more  than  one  morbid  process  during  the  early  stage 
of  development  may  cause  the  condition,  and  that  closure  of  the 
canal  below  may  have  consequences  during  development  which  it  has 
not  at  a  later  period.  But  it  is  important  to  reoog:mse  the  fact  that 
there  is  a  gradation  between  the  chief  varieties,  and  that  some  are 
associated  with  developmental  defects  in  the  brain,  to  which  they  can 
only  be  related  as  the  common  expression  of  a  defect  in  the  develop- 
mental tendency  of  the  germinal  tissue ;  and  what  must  be  true  of 
some  forms  is  probably  true  of  most.  This  may  seem  only  to  push 
the  difficiilty  into  the  region  of  the  inexplicable,  but  it  is  only  placing 
the  origin  of  the  malady  where  we  are  compelled  to  refer  the  causa- 
tion of  so  many  congenital  diseases,  which,  after  aU.  bear  but  a  small 
proportion  to  the  physiological  characteristics  that  spring  from  the 
same  source.  From  these  considerations  it  is  probable  that  oases  of 
syringomyelia  are  divisible  into  two  classes :  (1)  those  in  which  there 
is  a  congenital  anomaly  which  may  afterwards  take  on  a  process  of 
overgrowth  as  distinguished  from  development,  characterised  clinically 
by  very  gradual  onset  of  symptoms  lasting,  it  may  be,  throughout 
several  years  j  (2)  those  in  which  there  is  actual  central  new  growth, 
frequently  with  cavity  formation  ;  and  it  may  be  associated  with  new 
growths  elsewhere  —  glioma,  sarcoma,  syphiloma,  —  in  which  the 
course  is  a  much  more  rapidly  fatal  one. 

The  symptoms  of  the  disease  have  followed  some  illness,  mental 
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fihock  or  aniiety,  and  tninraatic  inflti- 
enoea,  but  it  is  probable  that  in  no 
case  have  these  done  more  than  excite 
the  maaife  station  a  of  pre-existing  dis- 
ease, or  induce  local  changes  in  tho 
morbid  state.  The  possible  influence 
of  injury  hag  certainly  been  OTer- 
estimatedf  since  in  some  of  the  cases 
in  which  it  aeeincd  eflfcctire  the  malady 
was  unquostionably  congenital,  and  the 
traumatic  influence  only  terminated  ita 
latent  stage.* 

Stmptoms.— The  manifestations  o( 
syringomyelia  depend  on  the  seci>n- 
dary  processes  of  distension  and  growth, 
and  the  damage  thus  produced  to  the 
functional     elements     of    the    cord.f 

•  Among  the  chief  pupera  iii  which  the  aub- 
ject  will  be  found  flisu-usaed  are  those  of  Schultae 
(see  below);  Hullich, '  Arch,  litjli^m*'  d.  Med./ 
1800,  lit,  No.  4  J  KronthaJ,  *  Neur.  CotUiulb./ 
18S9,  p«  333;  Oppenhoim,  *Ch&rit£  Animlen/ 
1B86,  p.  409j  HoffiDann  and  Scfaletio^er^  loc. 

«it 

t  Thej  have  been  fully  described  by  Scbultie, 
•Zeitschrift  f.  klin,  Med./  1838,  p,  525;  wad 
•  Verb.  OnK.  Inn.  Med./  188o ;  and  by  Allen 
fitArr.' Am.  Jounu  Med.  Scieuce*'  1888,  voL  xcv. 
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>Fja.  189.— Cuvitiea  in  the«pitiHl  eord.  A,  mid- 
cerviraL,  preMmbmi;  merely  itKinie  increase  of 
connective)  tiMne  iq  the  kft  bit' ml  column^ 
la  B  there  ftre  scveml  cavitteu  Imviiig  tho 
Bip«*ct  of  diitencled  fi»iiir««,  tbe  largefltin  the 
middle  line  of  tbt)  posterior  Lolumns  and  the 
rif^hc  poHierior  cornu ;  smaller  ones  in  tha 
Iftterul  columns.  Adjai-eut  to  fueh  ia  n  qiiun* 
tily  of  denne  tissue,  wliicb  had  a  ^»eculiar  nnd 
nniforin  stnicturfi.  It  coiiiiiBted  of  a  Very 
fine  network  of  Bbres  with  imniite  tmrletir 
bodies  in  the  interaticei.  No  larger  colli 
were  obst-rved.  Tliroughout  the  pu.^tcrior  and 
lateral  columtiiK  this  tissue  could  be  seen^  here 
and  thcrfr,  thickening  the  neurogUnj^  where 
nocoii^picuoya  tnHSse«  were  foriiied.  It  could 
also  hv  iriiued  in  the  posterior  cormi,  and  wat 
reNdily  diHtiui^uinhcd  from  the  Aponj^y  sub- 
atarjfi-'  by  it*  »lij,'hter  ataluitig,  TUe  di«tii* 
butiuo  of  this  tis-iue  it  shown  iu  the  other 
seotiouA  by  tite  ilMrkt'r  ahudln^;.  In  C  the 
Aisure  in  the  middle  line  h  narrow.  In  K 
and  F  the  anterior  part  of  the  poaterior 
columns  contaitied  a  coarse  network  ot  tliii 
tioiiie,  and  no  nerve-fibrea.  The  certtral 
canHl  wan  obtiteratedj,  but  the  group  of  nuclei  that  marked  iti  postilion  conld  ba 
tiaeud  ttinmghout  lh«  coi'd. 
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Heace  the  state  ia  eoraetimea  discoyered  after  cleat h*  when  it  haR 
given  rise  to  no  eymptoma,  and  its  existence  has  not  been  stis|>ecle<l 
(Jming  life.  In  yonng  children ,  indeed,  it  appears  never  to  cause  any 
definite  symptomg,  while  the  disturbance  of  function  is  Tariable  in 
occurrence  and  degree— mnch  more  so  than  in  character.  The  central 
position  of  the  disease  entails  considerable  uniformity  in  the  distri- 
bntion  of  ita  local  consequences,  and  hence  also  in  the  derangement  of 
function  that  results  from  simple  increase  in  the  lesion  either  by  dis- 
tension or  growth*  Hence  ihe  symptoms  are  often  such  that  they 
have  considerable  diagnostic  importance,  although  in  a  minority  of 
cases  they  are  less  uniform  in  character,  prrd uglily  l>ecaU8e  the  disease 
is  unaymmetrical,  or  irregular  in  position  or  extension,  whether  the 
symptoms  are  due  to  the  distension  of  a  caTity,  or  to  this  combined 
with  adjacent  growth  of  tissue.  It  then  often  causes  symptoms  indis- 
tinguishable from  those  of  a  tumour  of  neoplastic  nature.  Moreover 
the  precise  level  at  which  the  chief  morbid  process  takes  place  leads 
to  a  corresponding  variation  in  the  position,  and  therefore  in  the 
general  BLspect,  of  the  symptoms  it  produces.  The  fact  that  the  lesi4^u 
is  almost  always  greater  at  the  cerviail  region  cLLnses  the  arms  to  l>e 
the  most  common  seat  of  its  manifestations,  while  the  ricciLsional  inva- 
aion  of  the  fourth  ventricle  by  the  associated  growth,  and  the  occur- 
rence of  coincident  secondary  changes  in  this  part,  explain  the  iavolre- 
ment  of  some  of  the  cranial  nerves  that  lias  been  met  with  in  a  few 
instances. 

The  symptoms  are  usually  of  slow  development,  increasing  gradually 
in  the  course  of  years.  Their  main  features  are  twofold*  of  which 
one  ia  clearly  and  certainly  intelligible,  while  the  explanation  of  the 
other  m  a  matter  of  hypothesis,  although  also  not  diffi^'ult  to  under- 
stand, at  least  in  part,  if  the  opinions  expressed  in  the  chapter  on  the 
functions  of  the  cord  are  correct.  The  two  leading  features  are  loss 
of  sensibility,  chiefly  to  pain  and  temperature,  and  muscular  atrophy, 
resembling  in  characters  that  met  with  in  the  "  progressive  "  spinal 
form.  Of  the'  two»  the  sensory  loss  is  the  earlier  and  more  constant. 
The  muscular  atrophy  is  a  necessary  consequence  of  the  damage  to 
the  anterior  cornua  from  the  compression  they  endure,  when  and 
where  the  central  cavity  or  adjacent  growth  attains  such  a  size  as 
to  damage  them  seriously,  and  they  may  be  reduced  to  a  mere  »one 
between  the  cavity  and  the  outex  ring  of  white  substance.  The  de- 
struction of  the  motor  nerve-oells  involves  the  degeneration  of  the 
nerves  and  the  wasting  of  the  muscles.  The  loss  of  sensation  is 
intelligible  if  the  path  of  painful  impressions  is  by  the  posterior 
commissure.*  The  enlargement  of  the  central  canal  and  disease  in 
ita  vicinity  can  hardly  fail  to  damEige  early  and  much  the  fibres  that 
cross  at  the  level  of  the  chief  lesion,  and  constitute  the  path  from 
posterior  roots  not  very  far  below.    The  course  of  thermal  scasations 

*  S^'G  p.  224  at  to  «  tract  in  tbb  grey  coiiiiiiiii»iire  described  b}-  CiNg^llii»ki  CKcih. 
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is  Btill  quite  nnkmown;  the  only  fact  we  have— tte  frequency  with 
which  such  sensibility  and  that  to  pain  are  involved  together— points 
to  contiguity  of  path,  and  prevents  surprise  at  the  special  affeition  of 
this  form  of  aensibility  in  syriBgoinyelia,  Tactile  sensations  are  lost 
only  iu  rare  cases ;  our  ignorance  of  thpir  path  prevents  us  from  ex- 
plaining' the  fact,  but  we  know,  from  other  facts  of  disease,  that  it  is 
distinct  from  that  for  pain.  Moreover,  the  occasional  localisation  of 
the  morbid  process  in  the  posterior  columns,  and  even  cornua,  may 
explain  the  involvement  of  all  forms  of  sensibility,  and  also  its  occa- 
sional restriction  iu  area,  since  it  may  be  due  to  direct  interference 
with  the  posterior  root-fibres  after  they  hare  entered  the  cord. 

In  many  cases  the  affection  of  sensation  of  pain  and  temperature  is 
equal ;  in  others  the  latter  is  lost  to  a  greater  degree  and  extent  than 
the  former.  Its  loss  is  often  the  earliest  symptom,  as  the  scars  of 
burns  may  show.  The  loss  to  heat  and  cold  may  not  correspond* 
Thermal  or  painful  hyperaDsthesia  has  preceded  the  loss,  as  with  other 
forms  of  sensation  when  destroyed  by  processes  that  slowly  damage 
the  fibres,  and  irritate  before  thej  interrupt.  PerverBion  of  sensation 
has  been  noted,  heat  being  felt  as  cold,  and  vie*'  versa.  Spontaneous 
sensations  are  common,  doubtless  from  the  irritation  of  the  fibres 
in  the  early  stage,  or  of  their  upper  portions  when  they  are  inter- 
rupted— feelings  of  heat  or  cold,  and  in  some  cases  pains,  various  m 
character,  sometimes  paroxysmal  like  neuralgia,  or  sharp  and  brief 
like  those  of  tabes,  and  occaBionally  referred  to  the  joints,  or  felt 
chiefly  in  some  part  adjacent  to  the  seat  of  the  other  symptoms. 
Pain  in  the  spine  may  be  complained  of,  and  ia,  perhaps,  a  direct 
effect  of  the  disease.  Cramps  also  and  shooting  pains  somet  imee  occur. 
Often  the  malady  causes  no  suffering.  The  loss  of  sensation  is 
usually  sharply  limited,  and  the  anna  or  upper  half  of  the  trunk  are 
its  common  seat.  It  is  usually  found  in  the  same  part  as  the  mus- 
cular wasting,  but  is  more  extensive,  especially  below  the  seat  of 
atrophy.  Thus,  when  the  muscles  of  the  shoulders  and  upper  arms 
only  are  wasted,  the  sensory  loss  may  be  in  the  fore^irma  and  hands. 
This  we  should  expect  from  the  fact  that  the  crossing  of  the  sensory 
path  is  some  distance  above  its  entrance  into  the  cord,  while  the  motor 
roots  arise  from  nerve-cells  mostly  near  their  level  of  exit.  Exceptions 
may  be  due  to  the  affection  of  the  root-fibres,  as  explained  above. 
Further,  the  fact  that  the  distension  and  damage  always  extend 
through  a  considerable  vertical  area  of  the  cord  makes  the  relation 
of  the  two  sets  of  symptoms  more  extensive  and  less  regular  than  if 
the  disease  were  limited  to  a  small  region. 

The  *•  muscular  sense  "  ia  aaid  to  have  been  generally  normal  when 
tested.  Occasionally  there  has  been  unateadiiiess  on  standing  with 
the  eyes  closed. 

The  motor  symptoms  usually  come  on  after  the  eensory  loss,  long 
after  in  alight  cases,  and  consist  in  muscular  weakness  and  wasting 
in  the  upper  limbs;  while,  if  the  legs  suffer,  it  is  generally  from  simple 
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spafltie  paralysis,  such  tm  would  re8iilt  from,  and  is  no 
oomprossion  of  the  pyramidal  tracts  by  the  disease  in  the  upper 
of  the   cord.     It   is   rarely  complete.     The   unsteadiness  of  mo 
ment  above   mentioned  we  may  connect  with  the  tendency  of  t 
lesion  to  involve  the  posterior  coUhbus,  and  so  probably  to  iat^sr- 
fere  with  the  path  from  the  muscles  to  the  cerebelhim.     l^'arely  t!ifr 
is  atrophy  of  the  legs  similar  to  that  of  ihe  arms,  and  in  such 
the  disease  extends  into  the  lumbar  enlargement.     Betlex  aetion 
the  legs  varies  according  to  their  state ;  it  may  be  normal  or  inrrt^ase^    ^ 
the  knee  jerks  are  often  augmented,  with  rectua-  and  foot-clonus,  oW*^ 
in  the  ca-ses  last  mentioned,  myot^itic  irritability  may  be  lost— venT 
rarely  on  one  Bide  only.     A  cmious  tremor  of  the  limbs  hati  beeti 
noted  in  some  ca«eB. 

The  muscular  atrophy  in  the  arms  begins  in  and  chiefly  affects 
certain  parts,  according  to  the  position  of  the  greatest  damage  to  llie 
grey  matter  of  the  cord.     It  may  be  in  the  hand  and  region  of  tbe 
ulnar  nerve,  or  in  the  muscles  supplied  by  the  musculo-spiral  and 
radial  nerves,  or  in  the  shoulder  and  upper  arm  muscles.*    It  is  » 
Blow  wasting,  with  gradual  lowering  of  the  electrical  irritability,  as  in 
progressive  muscular  atrophy,   although,  as   in   that  disease,   soiao 
groups  of  muscles  may  present  indica,tions  of  the  reaction  of  degene- 
ration  in  the  early  stage  of  their  affection.     Fibrillation  is  common. 
As  the  wasting  and  weakness  increase  in  the  part  iirst  affected,  they 
spread  to  others,  to  the  rest  of  the  limb,  and  to  the  adjacent  parts  of 
the  trunk.     Weakness  of  the  trunk  muscles  often  leads  to  lat-ral 
curvature  of  the  spine ;  and  the  convexity,  owing  to  posture,  is  usuallv 
to  the  left.     The  occurrence  of  similar  symptoms  in  the  legs  is  ex* 
tremely  rare.     Both  sides  usually  suffer  together ;  a  unilat<?ral  affec- 
tion has  indeed  been  observed,  but  is  altogether  exceptionaL     The 
ephinoters  may  escape  or  be  involved. 

Trophic  disturbances  in  the  extremities  affected  with  sensory  loss 
are  not  uncommon.  The  skin  may  become  thin  and  glossy,  or  thick 
and  horny.  Acute  changes  may  occur — eczema,  herpes,  or  bulled  | 
whitlows;  deep,  obstinate  ulceration,  and  even  gangrene.  More 
frequent,  however,  is  simple  vaso-motor  disturbance,  coldness  and 
lividity  of  the  extremities,  or  redness  with  swelUng  and  heat,  and 
sometimes  a  tough  oedema,  which  may  be  local  like  a  tumour,  and  J 
aftenvards  pass  away.  The  nails  share  the  trophic  changes  in  the| 
hands,  becoming  grooved,  fieeured,  and  cracked ;  they  may  even  drop 
off.  The  secretion  of  sweat  is  lessened  in  ihe  part,  as  was  weU  marked 
in  one  unilateral  case.f  or  it  may  be  increased.    The  action  of  pilo- 

•  Bl^cq  thinks  tbat  >pii8tio  pwrapltijiji  is  cliicfly  met  with  in  the  CHses  in  whtcli 
the  atrophy  l*offmt  in  the  region  of  the  ulnar  nerve,,  and  ta^'CtJc  itynipldmt  in  th« 
leg-i  when  it  beifiiia  in  the  nidial  aron  ;  but  this  data  for  the  generulij«tion  ne«d  to  b«{ 
more  extensive, 

t  AtWu  SUrr,  'Am.  Jouru,  Med.  Sc,/  May,  18S«;  Uumpf* '  Neur,  Ceiil,,*  1880.1 
p.  267. 
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carplne  has  been  found  to  be  delayed,  although  ultimately  increased 
(GinAaet).  The  bones  may  become  thickened  or  brittle,  and  joint 
changes  (Charcot's  joint),  like  those  of  tabes,  sometimes  occur.* 

It  is  not  common  for  the  symptoms  to  extend  into  the  region  of  the 
cranial  nervea,  although  in  occasional  cases  Tarious  disturbances  of 
function  have  occurrt'd,  presumably  due  to  the  extension  of  the  changes 
into  the  medulla  and  pons,  and  chiefly  met  with  when  there  is  upward 
extension  of  the  associated  growth,  already  mentioned.  Thus  there 
have  been  paralysis  of  one  vocal  cord,  or  of  lK)th,  of  the  tongue,  the 
palate,  and  of  the  face,  difficulty  in  swallowing,  disorder  of  respiration 
and  of  the  heart's  action.  Taste  and  smell  may  be  affected,  and  there 
may  be  sensory  impaii'mont  in  the  face.  Certain  disorders  may 
occur  in  the  eyes,  probably  due  to  disease  of  the  path  of  the  sympa- 
thetic in  the  cord,  or  to  that  of  the  fourth  Tentricle.  Thus  the 
pupils  are  often  mie<3ual,  the  smaller  beiug  on  the  side  of  the 
more  severe  cord  symptoms,  on  which  the  libres  for  the  radiating 
muscle  of  the  iris  are  likely  to  be  damaged.  Narrowing  of  the 
palpebral  fissure  and  slight  ptosis  have  been  also  noted.  Nystagmus 
is  not  rare-t 

The  coui-se  of  syringomyelia  is,  as  a  rule,  slow,  and  measured  by 
years,  although  an  apparent  exception  is  presented  by  the  cases  in  which 
it  is  »ssociatiL»d  with  spreading  overgrowth  of  the  adjacent  gliomatous 
tissue,  or  in  which  acute  destructiTe  processes  occur  in  this  and 
spread  to  its  vicinity.  In  such  cases  a  cx^nsiderable  development  of 
the  disease  may  be  attained  before  symptoms  are  produced,  and  these 
may  rapidly  reach  a  considerable  degree,  and  cause  death  in  a  few 
months  or  eren  less.  In  most  cases  death  is  the  result  of  exhaustion, 
of  the  impairment  of  the  functions  of  the  medulla,  or,  more  com- 
monly, of  some  complication — bedsores,  cystitis,  and  the  like, 

Dii^ovosis. — The  resemblance  of  the  disease  to  more  common 
maladies  led  to  its  confusion  with  them  during  life,  until  the 
careful  observations  of  the  last  few  years  have  established  features  by 
which  its  existence  can  often  be  at  least  surmised,  'llie  most  im- 
portant characteristic  is  the  combination  of  muscular  atrophy  with 
still  earlier  sensory  loss,  involving  temperature  and  pain  far  more 
than  tactile  sensibility.  But  the  occasional  implication  of  all  forms 
of  sensation  must  be  kept  in  mind,  and  also  the  fact  that  in  slight 
and  slow  or  anomalous  oases  the  sensory  symptoms  may  long  predomi- 
nate, and  for  a  time  e^st  alone.  The  positioa  of  these  symptoms 
(in  the  arms),  and  their  frequent  combination  with  spastic  palsy  in 
the  legs,  is  a  further  characteristio— not,  however,  unequivocaL 

Cervical    pachymeningitis    causes    symptoms    whidi,  in  genexml 

•  NiMin,  •Areh.  f.  klio.  Cbir-.' 
8.>koloff,  *  IK»iiueU.  Zt«elir.  f.  QU\t,, 
Oi*no«*y.  •  UnoeC  1891.  vol.  L 

t  CoMtrmctioD  of  Ihe  fk«\*\%  of  vinon,  e^p^JuHy  for  ooWar^Lu  l»  en  oln«rvKd«  but 
■  bot  t9Ay  to  explaixi  (l>ejer;n«  »iid  Turlm&d), 


Bd,  xlv;    -Netir.    C^nlwll^.*   189«»   pw   100  s 
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to  anest  and  improvement.  A  peculiar  difficulty  Is  presented  by  the 
IcRNi's,  not  few,  in  which  the  first  gymptoma  follow  some  influence— 
an  illness,  a  blow,  or  even  mental  disturbance — that  aeema  to  be  their 
c:iuse,  and  suggests  disease  of  very  different  nature.  Often  then,  also, 
It  is  only  by  waiting  and  watching  that  a  right  opinion  can  be  formed. 
Wlien  bulbar  syniptomit  come  on  rapidly,  the  nature  of  the  case  con 
only  be  inferred  from  previous  spinal  symptoms, 

1'he  pKooNosiB  and  Tbea^tment  of  syringomyelia  are  imbjects  on 
which,  unfortunately,  its  nature  permits  Uttle  to  be  said.  If  its 
existence  can  be  recognised  the  malady  is  generally  advanced,  and  its 
jobserved  rate  of  progress  is  the  only  ground  on  which  a  forecast  can 
based.     When  the  central  functions  of  the  cord  are  considerably 

npaired,  and  the  symptoms  are  steadily  increasing,  it  is  rare  for  life 
'to  be  prolonged  for  more  than  one  or  two  years,  and  the  subacute 
onset  of  considerable  paralysis  may  herald  a  course  that  leads  to 
death  in  a  few  months.     On  the  other  hand,  a  stationary  condition 

lay  last  for  many  yecars.  Treatment  can  do  nothing  for  the  morbid 
state,  nor  is  it  likely  that  the  progress  of  spinal  surgery  can  afford  the 
jncans  of  relief.*    The  severity  of  some  of  the  individual  symptoms 

uiy.  however,  be  lessened  by  appropriate  measures ;  especially  trophic 
}s  may  be  diminished  by  care  and  early  treatment,  bedsorei 
be  prevented,  cystitis  guarded  against,  and  if  any  acute  para- 
lysis occurs,  the  possibility  of  some  recovery  may  suggest  the  main- 
tenance of  the  irritability  of  the  muscles  by  electricity,  which  cannot 
be  expected  to  influence  the  slower  atrophy.  Pain  may  need  the 
customary  sedatives ;  but  early  pain,  especially  with  the  hypersesthesia 
that  depends  on  the  intensification  of  the  nerve- impulses  at  the  irritated 
part,  may  be  much  lessened  by  the  administration  of  cooainej 
used  as  in  tabes.  Sudden  pain  in  the  spine  may  indicate  commencing 
hssmorrhage,  and  should  lead  to  the  adoption  of  the  posture  and  other 
measures  appropriate  to  that  grave  affection. 


AmAIsGIO  PANAJtZn^M;  MOETAH't  DlSBAflB. 


^^m  By  the  term  Morvan*s  Disease  is  generally  known  an  affection  that 
^^pras  called  Panaritium  Analgicum,  or  *'  Painless  Whitlows,"  by  tho 
^^ physician  of  Brittany.  Morran,  who,  in  1883,  first  described  it^f 
Observations  on  it  are  still  few^  but,  judging  from  two  fat^  cases,!  it 

*  In  ons  CUM  under  my  em  tbe  ipinsl  e»sxtl  wu  op«iied  A&d  klio  mvitj  dnuned, 
but  without  {tDproTt^nient. 

t  'Oftt.  H«bd./  1883.  Not,  86-44. 

X  The  chi«r  frriUrig*  %f  thoM  of  Lountel,  '  L«  M»l«li«  d»  Horran^  P&rU*  1890; 
Juffroj  And  AchRrd,  'Arch,  de  Mod.  «xp.,'  1800;  C)mrc<»t,  *  Pix>g.  UM./  1880^ 
Kq^  11  Mid  12  i  Hi€kcU  'Hftncb.  mcd.  Wochenvclir..'  IS^id. 

S  Oombttult.  qQOt«d  by  Cb«rcot}  Juifroj  «nd  Acbunl^  'Arcfa.ds  Mod^ezp.,'  189U 
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Hence  the  state  la  eomctimes  discovered  after  death,  when  H  luu 
giren  rise  to  no  symptoms,  and  its  exisience  has  not  been  sitsfvrclnl 
durinj^life.  In  young  cliildron.  indeed,  it  appears  nerer  to  eaiiup  any 
definite  symptoms,  while  the  disturbance  of  function  is  Tonable  io 
occurrence  and  degree — ranch  more  so  than  in  charaet^er.  Th*?  cooinl 
position  of  the  disease  entails  considerable  uniformity  in  the  distii. 
bution  of  its  local  consequences,  and  hence  also  in  the  demngt^ment  of 
function  that  results  from  simple  increase  in  the  lesion  either  by  dis- 
tension or  growth.  Hence  (he  symptoms  are  often  such  that  th<?y 
have  considerable  dia^ostic  importance,  although  in  a  minority  of 
cases  they  are  loss  uniform  in  chanicler.  probably  bei'ause  the  dideaae 
11  unsyinmetrical.  or  irregular  in  position  or  extension,  whether  tht 
symptoms  are  due  to  the  distension  of  a  caTity,  or  to  this  combined 
with  adjacent  growth  of  tissue.  It  then  often  causes  symptoms  indi«- 
tinguiahable  from  those  of  a  tumcmr  of  neoplastic  nature.  Moreover 
the  precise  level  at  which  the  chief  morbid  process  takes  pla4:c  lend* 
to  a  corresponding  variation  in  the  position,  and  therefore  in  th» 
general  aspect,  of  the  symptoms  it  produces.  The  fact  that  the  lesitm 
ig  almost  always  greater  at  the  cerviital  re^on  causes  the  arms  to  be 
the  most  common  seat  of  its  manifestations,  while  the  occasional  inm* 
fiion  of  the  fourth  ventricle  by  the  associated  growth,  and  the  occur* 
renoe  of  coincident  secondary  clmngea  in  this  part,  explain  the  inrolv**- 
ment  of  some  of  the  cranial  nerves  that  has  been  met  with  in  a  few 
instances. 

The  symptoms  are  usiially  of  slow  development,  increasing  gradually 
in  the  course  of  years.  Their  main  features  are  twofold,  of  which 
one  is  clearly  and  certaiuly  intellig-ible,  while  the  explanation  of  the 
other  k  a  matter  of  hypothesis,  although  also  not  difficult  to  under- 
stand, at  least  in  part,  if  the  opinions  expressed  in  the  chapter  on  the 
functions  of  the  cord  are  correct.  The  two  leading  featurtjfl  are  Iom 
of  sensibility,  chiefly  to  pain  and  temperature,  and  muscular  atrophy. 
resembling  in  characters  that  met  with  in  the  **  progressive  "  spina) 
form.  Of  the]  two,  the  sensory  loss  is  the  earlier  and  more  constaiit 
The  muscular  atrophy  is  a  necessary  consequence  of  the  damage  Lo 
the  anterior  cornua  from  the  compression  they  endure,  when  and 
where  the  central  cavity  or  adjaA^eut  growth  attains  such  a  siae  at 
to  damage  them  seriously,  and  they  may  be  reduced  to  a  mero  wono 
between  the  cavity  and  the  outer  ring  of  white  substance.  The  de- 
struction of  the  motor  nerve-cells  involves  the  degeneration  of  tbe 
nerves  and  the  wasting  of  the  muscles.  The  loss  of  sensatioii  is 
intelligible  if  the  path  of  painful  impressions  is  by  the  posterior 
oommissure.*  The  enlargement  of  the  central  canal  and  disease  in 
its  vicinity  can  hardly  fail  to  damage  early  and  much  the  fibree  that 
orosa  at  the  level  of  the  chief  lesion,  and  constitute  the  path  from 
posterior  roots  not  veiy  far  below.    The  course  of  thermal  sensationa 

*  S<e  p.  224  M  to  s  tn«t  in  iht  ^«y  «omniii»ar«  <l«v«/ib«d  hf  Cingtta^ki  (*N<i> 
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the  ehouldeT-joint  lias  been  observed.*  The  feet  are  occasionally, 
though  rarely,  the  seat  of  ans&sthetic  ulceration ;  the  legs  have  also 
been  found  weak,  with  eieesaive  Imee-jerk  and  foot-clonus  (Hfickel). 

In  the  autopsy  that  was  mad©  by  Goinbault  neuritis  was  found  in 
both  arms,  and  also  a  difhiee  overgrowth  of  connective  tissue  in  the 
posterior  part  of  the  grey  matter  of  the  cord  and  the  posterior  columns. 
This  growth  involved  also  the  coats  of  the  vessels,  which  wore  in  places 
8o  thiclcened  as  to  obliterate  their  cavity.  Kenritis  has  also  been 
invariably  found  in  the  extremities  of  the  fingers  when  these  have 
dropped  off. 

The  features  of  the  malady  are  so  peculiar  that,  if  they  are  known, 
the  nature  of  a  case  cannot  well  be  mistaken.  Aneeathetic  leprosy 
presents  the  closest  resemblance,  but  in  this  the  peculiar  ulcerations 
are  absent,  and  pigmentary  alterations  occur  in  the  skin  j  while  in 
Baynaud's  dis^^ase  there  is  not  the  peculiar  loss  of  sensibility,  nor  an 
equal  tendency  to  whitlows,  and  vaso*motor  disturbance  is  a  more 
conspicuous  feature.  In  the  peculiar  malady  known  as  ^^selero- 
dactyla  "  (a  form  of  scleroderma  that  affects  the  fingers  and  face) 
there  is  no  loss  of  sensibility  or  tendency  to  destruction  of  the  finger 
ends.  Simple  syringomyelia  is  distinguished  by  the  common  absence 
of  the  whitlows,  by  the  subordination,  in  time  and  degree,  of  the 
trophic  changes  to  the  other  symptoms,  and  by  the  common  preserva- 
tion of  tactile  sensibility.  But  the  distinction  is  probably  not  an 
absolute  one.  In  Morvan^s  disease  there  is  peripheral  neuritis  as  well 
as  syringomyelia,  and  to  this  is  due  its  special  features,  and  especially 
the  early  and  intense  trophic  disturbance.'!' 


Spina  Bifida, 

Spina  Bifida,  or  split  spine,  depends  on  a  defect  m  the  closure  of 
the  vertebral  arches,  which  usually  lea-ds  to  the  protrusion  of  the 
membranes  as  a  sac,  forming  an  external  tumour,  into  which  the  lower 
ptirt  of  the  spinal  cord  often  extends,  normal  or  variously  altered  in 
conformation,  sometimes  even  reduced  to  a  neural  lining  of  part  of  the 
wall.  Karely  there  is  no  external  prominence — a  form  known  as 
"*  spina  bifida  occulta."!     The  condition  is  most  common  in  the  lumbal*  | 

region  of  the  spine ;  sometimes  is  present  at  more  than  one  place,  very  I 

rarely  in  the  whole  length  of  the  vertebral  column.     It  is  met  with  ! 

in   about  one  child  out  of  every  thousand  bom  (Ghaussier)«    The  I 

•  Jiorvftii,  •  Gaz.  Ueb.].,*  1887,  No-  34.  I 

f  The  itbs«ncQ  of  any  ftiiiiltimf'utifcl  dtfTerGiire  betwet^n  tbii  malmdj  mid  •yrtngo-  I 

myeliBL  bits  been   pointed  otit  by   lienilmrdt.  ('  Verh.  VercinB  Inn.   MetU/  BerliDj  I 

JiiDUiiry  lOtb,  1891)  and  Jullj  (bic,  cit.).     But  the  additiotial  element  of  neut-itlt  | 

nnftl  not  be  ignored. 

%  Tbe  beiL  ftccoaaU  of  »pinA  biRdit  nre  in  the  '  Report  of  the  Cttmmitt&e  of  the  ] 

Clitiicftl  Society"  ('Tr»n*iictioiis,'  18S5),  .iiid  Bliiml  Suttou't  ''Lwturei  on  EvolutioM 

lu  Piitbt'b)>:v  •'  (*  Lutu  et,*  Ft-broarj  2oth,  1888). 
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disease  is  one  of  chiefly  surgical  interest,  and  tbertf  ore  onlj  mi 
of  the  more  important  facts  is  here  given.  The  spinal  cord,  whether 
normal  or  not,  generally  reaches  lower  than  "usual  in  th©  rertebnl 
canal,  as  it  does  at  the  early  period  of  development,  when  tho  morbid 
state  ia  produced, — becoming  adherent  at  its  lower  extremitj  Mid 
remaining  so.  In  many  cases  the  central  canal  of  the  cord  is  enlArgei 
above,  and  the  lower  part  of  the  cord  may  also  be  similarly  disU'nded. 

The  precise  condition  presents  many  variations,  whicJi  can  lie,  la  fmxi 
at  least,  understood  by  what  is  known  of  the  process  of  derclopmeiit^  a 
subject  that  has  been  very  ably  discussed  by  Bland  Sutton.  The 
essential  element  in  spina  bifida,  the  defect  in  the  vertebral  arches. 
depends  on  a  deficiency  in  that  ingrowth  of  the  mesoblaat  from  each 
side  which  should  enclose  the  embryonal  spinal  cord,  and  form  bone. 
after  the  superficial  epiblastic  layers  have  united  to  form  the  epidermis. 
A  similar  ingrowth  of  mesoblast  forms  the  corium,  mnBcle»  Ac  Tim 
apparently  takes  place  in  excess  in  spina  bifida  occulta,  and  leodt  to 
a  curious  condition,  usually  present — an  excessive  growth  of  hair  over 
and  about  the  affected  part»  which  is  generally  the  lumbo-sacral 
region.  On  the  other  hand,  in  many  cases  in  which  there  ia  a  tiimoar. 
this  superficial  mesoblastic  ingrowth  seems  to  be  deficient,  aa  well  ti 
that  for  the  vertebral  arches,  so  that  at  the  upper  part  of  the  tmnonr 
there  is  an  area  in  which  there  is  no  proper  skin,  bxit  a  itecuUar  tbiny 
memT)rane  destitute  of  hair.  It  is  probably  this  sujierficial  m<>tioblastif 
defirieiK  y  that  jiei'mits  the  protrusion,  and  furmatiuu  of  an  extt'mal 
tumour, 

lu  spina  bifida  occultp,  the  defect  in  the  arches  can  be  felt  on 
palpatii>n,  either  in  the  lumbar  or  sacral  region,  and  the  spinal  oord 
eitonils  lower  than  normal,  as  in  the  ordinary  form.  The  lait«?r.  In 
'vhidi  thei^  ia  an  external   tumour,  presents   thrr-e   chief  vanttira. 


4 
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PtG.  100 — Spin&  bifida:  i>ectioii8  of  a  ipiiial  cnrd.  from  m  ens*;  ibe  »jni  pbnni  «irU 
hUt'»ry  of  which  1  wm  unnble  to  ascertain.  In  A.  cervical  reffion,  the  oti|>  «bth>r> 
rimlity  li  a  lar^e  cruciform  c<?tttrHl  c«iiia]  itntl  an  uau«iially  ttiiirk  grev  commiaanrt. 
This  rontinuei  through  the  dor&al  region,  at  the  lowest  |iart  of  Hhicli  Ih^rtliB 
gn«iit  chtinfe.  I  a  B,the  ennal  it  larger,  and  the  neekt  of  the  poiterior  horut  (s«d 
poflierinr  veilcolar  colauiii*)  are  TiiiittHi  hy  much  coirwitaural  tiaaiiv  t  in  thi«,  mtlvj 
vcnit-al  fibre!  could  he  aean,  and  olher«  running  from  he  fore  backwaixU  iq  iIm 
mltidtc  line.  In  C,  an  exteniion  of  the  caiml  bac  kward*  hn*  lakrn  place,  and  II  ra 
Ikiu tided  by  a  liiiuoni  oiemhriine;  the  outer  part  oi  the  grej  a*ibst«nc«  Is  mirO' 
pitietl.  In  D,  the  cavity  hiM  extended  into  each  puatenor  horn,  ahno«t  up  lo  ike 
surf  ice  of  the  cord«  in  part  by  a  breaking  down  of  timue,  bersinee  the  titembmiM 
limiting:  the  enlarged  cftnal  renmint  undeatroyed*  In  E«  ttill  at  the  Juurtiiqi 
of  tht'  di>r-rtl  and  lumbar  region*,  the  cavity  haarieceded  from  the  left  horn.  |o 
Fj  the  dtviiiion  of  the  eord  ha«  taken  place,  not  in  the  direction  of  tlie  cavity^  io 
the  born  (whicii  ia  Hlled  up),  bat  in  the  middle  Itm*,  at  or  clotn*  to  the  medlao 
aeptiim.  In  Q,  a  wider  kepnration  of  the  poeterior  ooluriHiv  bni  t4ken  place,  and  a 
cavity  hni  formed  on  the  r'^lit  side,  whieh  extenda  into  the  horti,  and  alrnoatrata 
off  the  posterior  column.  In  H,  the  cord  is  spread  uut  and  funned  ]i«rt  of  %hm  vail 
of  the  SMC.  The  p')«t*>riur  nerve-roots  (pr)  murk  the  position  ni  whtoh  tke 
posterior  horn  comes  t'l  the  surface.  The  grey  niHtter  is  in  many  purt*  atfOphlftd 
and  transluceot.  aiul«  in  H,  cinitMite  nrsny  large  velaria.  The  eepuil  lobulatioaM 
the  siirricr  of  ilie  c  r%\  is  i^rt^ater  than  norukah 
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ocdf  tbe  spmol  membranes  (meningoce 

m  laamibriiies  (meningomyelocele),  or 

of   the  central   cavity   (syrin 

ckffses ;  they  do  not,  indeed,  exha 

ttlfii  full  cognisance  of  these  would  entai 

t^at  withoiit  an  external  tumour  has  h 

,  akhotigh  it  i§  probable  that  a  knowledge 

of  hair  in  the  lumbar  region  would  k 

^a^  'Jt  tiua  jt&te  in  miitiy  <^seg  in  which  it  is  n< 

.^      ?nt&&if  thifl  form  aside,   simple  meningocele  ai 

,^B»  A»  boih    mre;    the   common   form  is  mening 

Altered  or  Intact,  extends  within  the  sb 

»4jmmilbM  found  that  this  waa  the  condition: 

there  was  an  eitermil  tumour.    Tl 

ovrii  is  generally  adherent  to  the  posteric 

nimtm  ita  traction  of teu  cauaea  a  depression  on  tl 

uQOus  Bifea,  which,  as  already  mentione( 

i  in  the  upper  portion.     The  cord  may  agai 

downwards  in  the  cavity,  or  it  may  l 

ud  tost  in  the  wall,  of  which  its  tissue  real! 

In  this  lajer  there  i&  no  diatiuetion  of  grey  an 

I  the  lower  nerves  arise  in  the  wall,  an 

forwards,  &crogs  the  cavity,  to  their  fon 

-^  juMuhmoid  always  extends  into  the  sac,  and  it 

■cat^i  within  the   subarachnoid   space;   sometime 

^  sTinmng  from  which  the  fluid  flows. 

,  ijinal  of  the  cord  is  not  continuous  with  ih 

:«:*i^  even  in  the  condition  of  sTriogomyelocele,  i 

:  .lilattid.    In  other  cases  the  canal  opens  into  th 

cj  «ily  a  small  aperture,  even  when  the  lower  parte 

jfli^i  thA  wall,  and  the  nerves  course  along  the  wal 

with  the  arachnoid   and  superficial  to  th' 

i^presents  the  cord-tisaue  from   which  they  arise 

gvTLBgomyeliA  may  exist  in  the  upper  part  of  th< 

"  of  the  oord  in  the  wall  of  the  sac  probabl.' 

ttal  defect  similar  to  that  of  the  bony  canal 

_  ^  -wttiB  the  primitive  canal  has  failed  to  close,  so  tha 

^^  pgateriorlj,  and  the  two  posterior  columns  may  evei 

'^    tkA  card  may  6f en  he  applied,  in  the  form  of  a  thicl 

^  1^  the  wall  of  the  sa^. 

_^  althotigh  rare  example  of  th©  involvement  of  th< 

"^^^piiieutol  effect  is  shown  in  Fig.  190,  which  illus 

j^^nn^er  iR  which  the  latter  may  involve  in  some  degret 

.     jj.   |]jg  cervical  region    the  grey  commissure  it 

4ad  the  caaal  is  cruciform,  a  shape  which  it  presenti 

.^r^lcii     fKiBti**  *r«  fliiumtrmted  bj^  HUud  Sutton  (Inc.  vh.). 
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at  one  period  of  development,  and  'wliicb  ie  bere  persintent.  Tliia 
condition  obtains  throughout  the  doraal  region  until,  in  the  lower 
part,  the  tissue  behind  the  commissure  is  so  abundant  as  to  unite  the 
necks  of  the  posterior  horns  Below  thi»  the  canal  enlarges  into  a 
condition  of  STringomjelia^  surrounded  by  the  abnormal  tissue  whicb« 
as  we  have  seen,  is  commonly  associated  with  such  enlargement ;  the 
canal  is  limited,  moreover,  by  the  sinuous  membrane  that  is  so  often 
met  with  (see  p,  633).  The  cavity  extends  also  into  the  posterior 
horns,  clearly  by  a  process  of  disintegration,  since  in  d  the  membrane 
lining  the  enlarged  canal  persists,  and  marks  the  limit  of  the  canal  and 
the  eitent  of  the  simple  disintegration.  The  progressive  separation  of 
the  posterior  columns  is  shown  in  f,  o,  and  h.  In  the  lowest  part 
of  the  cord,  the  development  of  the  posterior  columns  has  been  appa* 
rently  hindered,  as  will  be  observed  if  o  be  compared  with  f.  In  t  he 
former  there  are  also  some  fissures  in  the  grey  substance,  formed 
apparently  by  disintegration.  The  grey  substance  of  the  cord  is  con- 
spicuously wasted  in  the  lumbar  region*  thin  and  translucent. 

In  rare  cases  there  has  been  no  proper  development  of  the  cord* 
It  was  represented  by  a  mere  nerve-Uke  string  in  a  child,  who  also  had 
hydrocephalus,  but  lived  five  weeks.  Another  child  of  the  aame  parenta 
had  a  similar  condition.* 

Symptoms. — If  the  cord  is  intaist,  symptoms  may  be  absent.  In 
the  cases  in  which  there  is  an  external  opening,  and  a  constant  escape 
ei  oerebro-spinal  fluid,  the  child  usually  dies  in  a  few  wet*ks.  In 
other  cases  the  defective  development  of  the  lower  part  of  the  cord, 
or  its  distension  in  syringomyelocele,  is  manifested  by  an  absence  of 
function^  amounting  to  complete  paraplegia  in  severe  cases,  which 
also  seldom  live.  Some  cases,  however^  survive,  with  paralysis  and 
wasting  of  the  legs,  and  often  absence  of  power  over  the  sphincters. 
In  slighter  forms  the  paralysis  and  wasting  have  been  partial,  either 
existing  from  the  first,  or  supervening  at  some  l&tar  peiiod,  probably 
from  the  occurrence  of  damage  to  the  nerve- roots  or  cord- tissue  by  in* 
creased  tension,  or  by  inflammation;  of  the  latter  abundant  traces 
may  be  found  after  death,  and  various  external  influences  may  readily 
set  it  up.  Some  children,  whose  legs  have  appeared  natural,  have  never 
been  able  to  stand ;  possibly  the  defect  in  the  posterior  coltimns  has 
given  rise  to  a  sort  of  congenital  tabes.  Even  in  the  slighter  forms, 
including  spina  bifida  occulta,  paralysis  and  atrophy  have  come  on 
after  some  years,  and  even  after  adult  Ufe  has  been  reached.  lnde«.*<l, 
in  the  unsuspected  formjs  without  a  tumour,  there  may  be  special 
danger  of  injury  to  the  unprotected  structures,  and  damage  to  the 
nerve-roots,  'i  he  muscular  paralysis  and  atrophy  have  been  usually 
below  the  knees,  and  the  muscles  least  prone  to  suffer  are  the  tibiales 
aAtici.  Hence  tali^K's  varus  tends  to  occur.  These  muscles  may 
ftkme  persist,  prol>ably  from  the  higher  position  of  origin  of  their 
(Eemak),  Another  peculiarity  of  thBse  oases  is  the  tendency 
•  8.  Wi>lre.*Pbil.  Hep.:  JuueSiMl,  IB9A, 
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to  perforating  uJcer  in  the  feet,  which  ha«  sereral  tim«i  nerr^^uted 
amputation.      Chronic  changes  in  the  tarsal  and    metatarsal  boDfli 
have  also  been  met  with,  somewhat  like   those   of   tabetic  aitiro* 
pathy.*     The  ulcers  suggest  neuritis,  which  was  found  in  one  (m«e* 
and,  in  this  and  others,  the  arteries  hare  presented  thickening  of  the 
muscular  coat,  even  leading  to  their  cloauna.     These  symptom,  ouit 
be  greater  on,  or  confined  to,  one  side,  and  on  this  the  knee-jerk  hu 
been  lessened.f    These  points  of  resemblance  to  tabes  maj  also  be  do* 
to  the  greater  degree  of  exposure  to  damage  of  the  posterior  rooU.  u 
well  as  to  neuritis,  perhaps  descending. 

The  treatment  of  spina  bifida  is  pnrelj  snrgicaL  That  of  the  ood. 
sequences  just  described  is  the  same  aa  for  aiftiiu^  state*  in  other 
diseases. 


TEATJMATIO  LESIONS  OF  THE  SPIKAL  CORD. 

Injuries  to  the  cord  fall  within  the  province  of  the  surgeon,  but 
some  account  of  them  is  needed  because  the  subjects  often  afterwards 
come  undar  me<lical  observation,  and  because  the  cases  present  eveiT 
gradation  to  the  maladies  that  have  been  described  in  the  px^oedtur 
pages. 

OausBS. — In  fractures  and  dblocations  of  the  spine,  the  cord  gene- 
rally suffers  compression  or  laceration^  as  alreadj  described  in  the 
chapter  on  injuries  of  the  vertebral  column.  The  cord  may  also  be 
directly  wounded  by  stabs  and  gunshot  injuries,  in  which  it  znar  be 
divided  completely  or  partially.  Such  injuries  furnish  a  oonsidezable 
proportion  of  the  cxises  of  unilateral  lesion  of  the  cord.  In  gunshot 
wounds  the  cord  mure  often  suffers  from  displaced  &agmente  of  bone 
than  from  the  ball  itself. 

Par  more  common  than  direct  injury  is  damage  to  the  cord  by  j^^jif 
cussion  of  the  spine,  either  local  or  general  Gunshot  wounda  oeea- 
sionally  furnish  examples  of  local  concussion ;  a  bullet  may  strike  the 
spinal  column  and  lodge  in  its  vicinity,  with  the  effect  of  caoainff 
immediate  paraplegia,  as  complete  as  if  the  cord  were  divided^  and  vet 
it  may  be  fuuud  that  the  spinal  column  has  not  been  injured,  and  the 


cord  is  merely  softened  at  the  spot.    Other  causes  of  concussion  axe 
the  fall  of  heavy  bodies  on  the  back,  such  as  a  beam  of  timber  Qr% 


*  In  OKP  cMAe  Siittaii  found  the  compft«t  tiwuo  v«ry  •auitXt  Mid  ihs 
with  »«mt>lluid  ffttf  «  deep  nicer  mcbed  s  carious  ipot. 

t  Dvtii.)l«  of  caws  by  I'^iicbsr.  v.  RecklmgbAuaen,  Bntnns.  tnd  otbert.  mn  <tiitt|«ii 
by  Bland  Sattoo  (toe.  dt.).  8*s  sl»o  Del«fo»M,  •  Tb^  d«  Pftri*,'  1874  j  B«m«k 
•  Berlin,  kl.  Woobenichrift,'  1886. 
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of  com^  a  blow  on  the  back  from  some  blnnt  weapon,  a  fall 
upon  tbe  bock,  either  on  a  fiat  surface  or  on  some  projecting  object. 
Less  frequently  the  cord  suffers  from  a  general  concussion  of  the 
body,  in  which  the  spinal  column  is  not  speciallj  involved.  Tht* 
cervical  region  is  occasiouallj  daraai^ed  in  falls  on  the  head.  Railway 
accidents  are  frequent  causes  of  concussion  of  the  spinal  cord;  the 
back  may  be  struck  with  violence  when  the  body  is  thrown  from  one 
side  of  the  carriage  to  the  other.  Another  common  caune  is  a  f :  U 
from  a  horse  upon  the  back,  or  a  fall  downstairs^  in  which  the  spiual 
oolumn  is  bumped  against  the  edges  of  the  steps.  A  violent  bending 
of  the  spine  may  also  injure  the  cord  directly,  especially  in  the  more 
mobile  cervical  portion^  where  the  reckon  of  the  fourth  and  fifth 
▼ertebr®  is  especially  apt  thus  to  suffer  (Thorbum).*  The  jar  of  the 
epine  caused  by  a  jump  from  a  height  may  even  be  efltective.  Occa- 
sionally effects  veiy  similar  to  those  wbich  are  produced  by  a  blow  on 
the  spine  are  caused  by  a  sudden  contraction  of  the  spinal  muscles  in 
some  violent  effort,  a  "  rick  of  the  back/'  as  it  is  popularly  termed. 
It  is  possible  that,  in  such  cases,  the  primary  damage  is  sometimes  to 
the  vertebral  ligaments  and  articulations,  and  that  the  cord  suffers 
secondarily.  The  symptoms  may  only  come  on  a  few  hours  after  the 
injury  in  such  cases,  as  if  effused  blood  compressed  the  cord,  or  the 
tension  upon  it  and  alight  damage  set  up  a  graver  inflammatiim 
Thus  a  soldier,  in  a  drunken  quarrel,  was  extended  by  four  comrades, 
two  pulling  on  his  feet  and  two  on  bis  arms,  wbile  a  Mth  sat  on  his 
back.  No  immediate  effect  followed,  but  the  next  morning  there  was 
complete  pandjsia  of  both  arms  and  legs,  whicb  very  slowly  passed 
ftway. 

Fatholoot. — The  anatomical  lesions  in  cases  in  which  tbe  vertebral 
oolumn  is  not  injured  vary  much  in  different  cases.  Haemorrhage  is 
often  found,  sometimes  outside  tbe  dura  mater,  sometimes  on  the 
inner  surface  of  the  membrane,  in  the  pia  mater,  in  the  substanou  of 
the  cord  itself,  very  rarely  into  the  central  canal f  Occasionally  the 
mbstance  of  tbe  cord  has  been  found  lacerated  when  the  vertebral 
column  has  not  been  Injured.  In  many  cases  there  is  local  softening, 
commonly  yellow  in  tint,  sometimes  mingled  with  red.  often  involvmg 
the  whole  thickness  of  the  cord,  and  occasionally  extending,  as  central 
softening,  through  a  considerable  vertical  extent.  Under  the  micro- 
scope the  usual  products  of  inffammation  are  seen,  sometimes  with 
luematoidin  crystals.  Sucb  softening  may  occur  rapidly  in  severe 
local  concussion,  and  be  found  compkte  a  few  weeks,  or  oven  a  few 
days,  after  the  injury.|    On  the  other  hand,  in  some  cases  of  complete 

•  •  Br»m,*  Janasry,  1887, 

t  At  in  a  caM  reported  bj  Cbucnn  and  Wloklmm,  *  ^Tog.  M6d„*  1887*  IV>Hably 
It  U  rtnl;  when  the  oatml  it  prcviouilj  diUted  tbat  tkia  oocnn,  ■•  It  oi«j«  wiibAut 
mHoiu  liijarj  to  tbe  nerve-ttMot;. 

J  E'lmund*,  *  Brain/  toI.  vii,  p.  103  y  01inr*teiMerr  *  Wlen.  incd.  Jabrb./  Bd,  ilr, 
]870|  Loohnrr,*Bajer.  Aentlicb.  Int.«U]./  ISd?,  No.4SjFrom<ill«r»  *  MftnomLiiieu.* 
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iiAMtRMla.  m  the  white  ooli 

iboK  wt  wlid»  tttd  the 

^^tafetti^  aaA  m  tke  mAj  ttiget  thera 

40^nts  1^  tttMl^  dihlfttion  of  the 

^jvife^  ^It^kN^  MM  mkj  h»^  been 

>M*Mrtor  «»rTHii  Ike  motor  aerre-odle  wmf  bt 

a^^^^^hm  4Ai  ^iMMktod,  or  ihTtmkeDt  aad  tke  \ 

N»>kytwmft»l     IWgnjmfttteriieepeckDf  ifftto 

gA*;MKiMiM«Mi  11%  ivjwod;  in  the  doml  i^gjea  the 

^vufflik^  «^  ilbe  wyie  oohimiie.    Bl-deiMd 

^wiNMK^t^  «»l  ^inetniiiif  degeneraAbni  waj 
M»«h  UwittiMt<iyHifi4poiti.  OccMJmnlly 
'ucuuii^ja*^  «IUNm  or  ilwimitfiil.  and 

^iu>«^MMk    XWdlM^iunediilo  ond  reml^  of  fajniBi  ol  the 
H'^UAlvvi^^ii^iiMiititfivrabMol  the  whole  nnge  of  ijoijitiiof  ooid 

^U«%sMi«\  .4ukI  'h  rir  "orioeiiTi  fti  ohartctcr  nml  nrmran  irrr  iheirrt  — ^-=*- 
It  HL  <v1kh%4o<^  Mite'  pnctmblo  nor  neoeeeuy  to  do  mat%  in  th» 
•.•::uv«  uhoik  (^  J«Mcrtt)«  ihi»ir  general  chaiacten.    Aeeoiding  to  the 
vii:Uu\%NV   >.u  vvum^  mi  qu^  diride  them  into  three  doMeo.     (1) 
l'Ks««»  .u   N«a.v;i  .i>M  ittjuz^  caiuca  immediate  and  eercre  paraijiit. 
ai«o  '.V    ^N.,i:u  .Li:i.a^x»  ^  ^^0  ^»nal  cord,  the  ooneeqiienoe  of  iti 
'iiv^'tt^iioa.  ^vatj>tr«:uvu.  ^^r  ooacnaaion.    (2)  Thoee  in  whodi  there  are 
iL-  aitkC-  gAi^h»r  tK>  ^vm(.Hv>iste  or  onlr  trifling  dittnrbanoe  of  function, 
bui  ui  >%  h:v  a  ^rmvii  ^vm(.»cvme  come  on  a  few  daja  or  weeks  after  the 
•iijuiv.      ^:^^   Cboe^  in  ^vhich  thMo  are  no  early  ajmplonia,  or  onfy 
Nl)u;b&  :uid  UHaeavtto  ^iit^turWK*^  but  at  the  end  of  one  or  eerenl 
uK'utbit  «« m^uvm*  ^nd\uCl>r  come  on,  often  aneh  aa  indicate  diaeaae 
oc  «t»tuo  doviuibo  <^v«UMa  gr  efinwtore  of  the  oord«  degenerataTo  in 

^P  IbodneJado^  in  whk*hUieinjnzTceneee  instant  and oonaideraUe 
JiiiturKiuc«»  of  ftiu<tk>n.  utcludce  the  caaeo  in  which  the  cord  ia  directly 
iujuivU.  auvl  al^o  ik.*m«»  m  wtiich  there  ia  no  Tiaibtle  aign  of  dnmage  if 
Um  (Mtkut  dift*«  wicbiu  a  tVw  dajtk  In  the  former  cUaa  there  is 
olUw  a  niAiiitVtft  Ufeion  of  the  «(uix«»  and  the  oaaea  are,  at  leaat  at  first. 
puMly  sunrical  in  their  pnwtical  relationa.  In  the  latter  the 
mechanical  influenov  hu  apparenilj  abolished  the  function  of  the 
lic^e  nfementa.     If  suoh  jviiioixts  lire  longer,  either  quick  reooTery 

flQL  Ha  U.     In  th«  hut,  a«>»crtb^^i  (urtb^r  on,  toftanin^  wms  f cnmd  tblxtj-tvo 
iMt  •fitr  th»  injory. 
•  flMbtr,  'Deut.  ZeiUihr.  f.  Chix-orf  ,*  ISSi,  Bd.  «U. 
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enflrties,  or  local  softMiing  from  dismtep^tion  of  the  fibres  timt  are 
most  datna^^ed.  It  is  an  intereetrng  fact  that  convuesioQ  m&j  thus 
derange  functioTi,  The  absolute  iut4?gritT  of  Btructurc  on  earlj  micro- 
scopical ejtamination  shows  that  the  result  is  not  due  to  any  minute 
Tascular  lesion.  The  effect  has  been  compared  bj  B<*jnolds,  not 
inaptly,  to  the  dema^^netisation  of  iron  by  a  blow.  Doubtless  thj 
influence  is  exerted  on  the  molecular  nutrition  of  the  nerve-elemenlA, 
and  the  possibility  of  recovery,  or  the  subsequent  structural  dis* 
int^ffration,  de|.)enda  upon  the  degree  of  nutritionid  damage.* 

The  symptoms,  in  these  cases  of  serere  and  immediate  effect,  are 
generally  those  of  complete  impairment  of  fimction.  When  the  injurv 
is  direct  and  partial*  such  as  a  beiiiisection  by  an  incised  wound,  or  a 
partial  bruise  of  the  cord  by  a  spiculum  of  bone  bein^  driven  against 
it  (as  in  the  ease  mentioned  at  p.  236),  the  effect  may  be  a  partial 
(e.  g.  one-sided)  derangement  of  function ;  but  in  most  other  cases 
there  is  abolition  of  all  the  conducting  functions  at  the  level  of  the 
injury.  There  is  complete  paraplegia,  motor  and  sensory,  with  loss 
ef  power  over  the  sphincters.  The  symptoms  are  thus  those  of  a 
total  transverse  lesion  at  the  affected  level  (see  p.  269).  When  the 
cervical  region  is  injured,  the  arms  are  necessarily  affected  according 
to  its  scat.  Such  eases  often  illustrate  very  clearly  the  relation  of 
arm-function  to  the  cord.f  The  fibres  for  the  sympathetic  are  often 
implicated,  especially  those  for  the  iris,  causing  inequality  of  the  pupils. 
Beflex  action  below,  abolished  at  first  by  shock,  usually  soon  returns 
and  becomes  excessive,  but  remains  absent  if  the  lumbar  enlar^ment 
is  damaged,  or  is  invaded  by  hiemorrhage ;  it  may  be  again  lost  by 
the  downward  extension  of  secondary  inflammation,  which  is  equally 
effective  when  partial  (in  the  posterior  columns  or  grey  matter)  as 
when  total,  and  is  more  difficult  to  detect  in  the  former  case.  J  Loss 
of  consciousness  is  occasionally  produced  by  an  injury  which  does  not 
directly  involve  the  head,  as  in  the  case  mentioned  on  p.  650  ; 
Tomiting  is  very  common  at  the  outset.  The  cases  of  direct  injure' 
run  a  severe  and  rapid  course  ;  and  when  the  secondary  inflam- 
mation spreads  downwards,  or  the  lower  part  of  the  cord  is  injured  (as 

*  TbM#  condociona  have  bera  n^cntly  formalntf'd  more  dot^nitrljr.  hnt  vitKot»t 
^•ential  ettention,  bj  Schtiitiui,  p«trtl>  from  «ip«riiDriitt  os  mbbitt  (Munrh.  ttnt*l 
Woilientch./  1890). 

t  See  ctpecUUy  Tborburn,  *  Bf*!n,'  Janunry,  1887. 

X  TbU  U  the  explenatioti  of  moet  eMei  of  Uxjarj  Above  t1>«-  Itimbnr  erilnrgmDriit, 
witb  pernmnent  low  of  myotjitic  Irritnloliiy,  or  of  all  fffl.x  ftrtSun,  a»  in  tiio»a 
4l«;grribed  hj  Bowlby  (*  Lencety'  ll^Ou, !«  1071).  Soeb  drecriulttiif  hiUthfinntioo  niuit 
not  be  QOitfiited  with  lbs  deecendiitg'  degeneration  in  the  pymmidAl  tr^cta  wlii*  h 

itede  myotAtio  exccMU  Tbe  verv  mre  vxe«f»ii(Mi«  mentiiitied  on  p.  2&I,  in  wh»r1i 
lO*e  exiAtfl  with  no  Ie»i<vn  to  (<xi>Intii  it,  uitti  Xw  nNSnciAtvd  with  the  fiict  tbet. 
njotiitio  ImtabiUij  it  iiftnietit(»»«  lent  Iti  ««•«•  of  cer«bi>lUr  tuuttiur.  Kul  the  feet 
tbikl  eup«rl)dal  r^^vi  eclion  lu  tbe  \ef^  U  never  loit  unWi  thf  lower  p«rt  of  the  cord 
tfl  dienised^  M  one  o(  the  i»o«t  cartalll  in  ]*utUo\nfff,  Proof  of  iQch  deeoemUng 
InAaioauittoa  Is  gtven  in  the  cUuptor  on  tutuQurv  (p.  61 7»  fHH«)« 
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considerable  a  degpree  of  recoyerf  majr  be  tiltiiiiatelj  attained,  it  nuij 
h*i  in  the  course  of  three  or  four  years. 

(2)  In  cases  of  the  second  class  initial  aymptoms  are  absent  or  Blight. 
After  tbe  accident  the  sufferer  may  not  imagine  himself  injured,  and 
may  be  able  to  walk  some  distance  without  inconveiiionce.  In  other 
instances  there  is  tingling  in  the  legs,  or  in  all  the  limbs,  immediately 
after  the  concussion,  sometimes  with  some  weakness  of  the  limbs, 
more  often  with  a  feeling  of  stiffness.  In  the  course  of  a  few  days 
grarer  symptoms  come  on,  usually  attended  with  spinal  pain  and 
tenderness,  sometimes  with  some  stiffness  of  the  back,  and  often  with 
pyrexia.  Tingling  in  the  limbs  increases  or  develops,  and  is  accom- 
panied by  weakness,  which  often  goes  on  to  complete  paralysis  in  the 
course  of  one  to  four  weeks.  The  symptoms  vary  in  their  character 
and  ilistribution,  according  to  the  position  of  the  morbid  process  and 
its  exti'ut.  In  some  cases,  in  which  the  dorsal  region  is  most  affected, 
the  symptoms  are  those  of  simple  paraplegia,  usually  with  spasm,  and 
sometimes  with  early  contraction  of  the  muscles.  In  other  cases,  in 
which  the  grey  matter  of  the  enlargements  suffers,  there  is  scattered 
mii^ukr  atrophy  in  the  limbs,  often  with  indications  of  the  degene- 
ratiTe  I'eaction.  Tremor  in  the  limbs  is  conspicuous  in  some  instances, 
A  girdle-pain  in  the  trunk,  or  sense  of  constriction  in  the  limbs,  is 
very  common.  The  sphincters  generally  suffer,  and  the  tendency  to 
trophic  changes  is  usually  strong.  The  character  and  course  of  the 
83rmptomB  is  that  of  a  subacute  myelitis,  and  the  meagre  facts  of 
morbid  anatomy  leave  little  doubt  that  this  is  the  common  lesioiL 
Thus  a  lady  was  severely  shaken  in  a  railway  collision.  She  seemed 
immediately  after  the  accident  to  have  suffered  no  injury,  but  in  a 
few  days  paraplegia  developed,  and  from  its  consequences  she  died 
six  weeks  after  the  accident.  Throughout  the  dorsal  region  of  the 
cord  I  found  indications  of  subacute  myelitis,  chiefly  in  the  whita 
columns,  varying  in  its  extent  in  different  regions,  but  most  distinct 
in  tbe  pyramidal  tracts,*  Complete  motor  and  sensory  palsy,  np 
^to  the  level  of  the  umbilicus,  developed  in  the  course  of  a  week, 
After  a  fall  downstairs  in  which  the  back  struck  successive  steps. 
Tet  the  patient  was  able  to  walk  immediately  afterwards.  The 
symptoms  in  these  cases  are  sometimes  unilateral.  A  man,  driving 
under  a  low  archway,  leaned  back  to  save  his  head,  and  his  spine  was 
pressed  suddenly  against  the  sharp  edge  of  the  teat^back.  He  felt 
but  little  immediate  effect,  but  in  the  course  of  two  or  three  da^s 
complete  motor  palsy  of  the  left  leg  came  on.  accompanied  by  hypertes- 
ihesia,  but  without  any  loss  of  sensutiun  either  in  that  leg  or  in  thfj 
her.  Power  slowly  returned  at  the  end  of  three  months,  and  was 
in  time  perfect.    In  some  cases  of  this  kind  the  symptoms  are  due 


*  tn  tUiT  tmcv  of  ■ueh  a  ea««>  «.■  this,  it  it  cup*!  fluoai  to  ditcat*  the  qnMtion  r»tM<l 
by  •CHa«  writem  trlietbcr  or  not  tite  oorU  o»n  •nff^r  concUMioo.      Moreover  it  la 

Irtaiii  tliat  luch  iu  effvct  u  wm  extmoia  ia  tbia  cm«^  m»y  %ud  uatiat  oft«n  otionr  in 
irUirr  degr«^ 
vut,  1.  42 
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drntage  to  tlie  cord,  but  to  its  oompression  bj  mflzLin- 
outfiide  it»  the  result  of  injury  to  the  vertebral 
A  etergymaii  w&s  thrown  from  his  horse,  and  there  waf 
iteij  sofScient  weakness  of  the  logs  to  preTent  bim  from 
thid  wibsequentlj  increased,  so  that  at  the  end  of  &  fort- 
the  right  leg  was  completely  paralysed,  while  the  left  retained 
poirer.  There  was  a  j^nrdle-pain  at  the  level  of  the 
q»t>tKfttt>>>nda.  bedsore  formed,  but  he  slowly  improved,  and  regained 
Ihi  pomtit  of  ilanding  at  the  end  of  eight  months.  Such  symptoms 
m^foama  on  weeks  after  the  concussion,  especially  when  the  effects 
of  Uus  fure  io  alight  as  to  be  dlsregaided,  and  the  patient  leads  his 

Um  damage  involves  the  grey  matter,  the  extent  of  the 
Wttsting  vaiies  greatly.  It  seldom  affects  both  B,rms  and 
btti  it  ifl  usually  irregular  in  distribution,  sometimes  wide-spread, 
limited.  Thus  a  young  man  fell  from  a  horse  and  pitdied 
oa  Iho  1m^.  He  was  stunned,  aud  on  recovering  consciousness  about 
two  boors  later  felt  "  pins  and  needles  "  in  both  hands  and  pain,  in 
thm  bock,  followed  by  swelling  of  the  neck  and  difficulty  in  moving  it. 
The  tingiiiig  ceased,  but  was  followed  by  a  sense  of  oppro8sioD  about 
lh#  shoulders,  and  persistent  pain  in  the  cervical  region  of  the  sprne. 
WhMi  I  saw  him,  two  months  later,  there  was  some  weakness  of  the 
nfdkt  ma  and  wasting  of  the  two  outer  interossei.  and  of  that  part  of 
thi  loiBg  extensor  which  acta  on  the  two  outer  fingers,  with  loss  of 
fuCAdio  and  presorvation  of  voltaic  irritability, 

Ssiisory  symptoms  are  pronunent  in  some  cases  of  this  ckss 
the  pain  in  the  spine,  to  be  presently  mentioned,  pains  are 
fill  in  the  legs,  various  in  character ;  still  more  frequent  are 
sensations  of  tingling,  *'pins  and  needles/*  and  the 
of  defective  sensibility  described  as  "numbness."  Various 
of  l^ypenesthesia  are  also  common,  with  or  witljout  such  subjec- 
tive asttiations.  This  may  exist  in  any  part,  in  the  soles,  feet,  thighs,  or 
wok  iiiftrequently  about  the  genitals.  In  the  latter  region,  and  about 
ihi^  anua.  a  sense  of  ooldness  is  often  complainod  of.  In  these  regions 
ihafi  may  be  a  distinct  defect  of  sensibility,  but  this  is  slighter  and 
liMii  flpsquent  than  in  the  cases  of  the  first  class.  Some  degree  of 
to  touch  may  be  associated  with  increased  sensitivejiess  to 
impressions,  These  sensory  disorders  may  exist  alone  or  be 
FkCOOtttpaAic^d  by  motor  weakness.  Slight  unsteadiness  or  definite 
tdiuation  is  present  in  some  cases,  usually  resembUng  that  met 
n*i(k  nj  '^t:l\ic  paruplcgia. 

hk  o.isvv*  ^^  Inch  survive  the  acute  stage  there  is  usually  slow  improve 
«i4^  vvii  .-h  is  often  ultimately  very  great.  In  many  cases  recovery 
i^  ri-vHi^'ioto,  but  improvement  goes  on  for  years,  as  it  does  in  the 
g|  Qoasiderable  damage  to  the  cord  already  mentioned;  the 
dh^vee  attained  is  commonly  much  greater  than  in  cases  of 
^<Friti|r*'*'*f^*^  character  and  severity  due  to  other  causes  than  injury. 
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Some  permAiiout  symptoms  are  left,  cKieflj  whe^i  the  initial  deiange- 
meat  of  function  ha^  been  severe,  and  has  lasted  for  some  time, 

(8)  In  the  cases  of  the  third  class,  chronic  symptoms  slowly  follow 
an  injury  at  an  interval  usually  of  some  months,  and  the  cases  have 
the  aspect  less  of  a  traumatic  lesion  of  the  cord  than  of  a  primary 
cord  disease,  the  relation  of  which  to  the  injury  is  rather  an  inference 
from  the  sequence^  coupled  with  the  absence  of  other  causes,  than  an 
obtrusiTe  fact,  as  in  the  cases  of  the  first  and  second  classes.  Tlie  sym- 
ploms  are  usually  those  of  a  definite  system  disease  of  the  cord,  less 
frequently  those  of  a  disseminated  chronic  myelitis  of  irregular  distri- 
buriout  still  more  rarely  those  of  chronic  focal  myeUtis.  Primary  spastic 
pai-aplegia,  ataxic  paraplegia,  insular  sclerosis,  locomotor  ataxy,  and 
progreBsiv©  muscular  atrophy  are  the  diseases  which  most  frequently 
thus  result.  The  fact  that  an  injury  is  occasionally  the  cause  of  these 
maladies  has  been  already  mentioned  in  the  account  of  their  etiology, 
and  the  symptoms  of  such  cases  so  far  resemble  those  that  are  due  to 
other  causes  that  it  is  not  necessary  here  to  add  anything  to  their  his- 
tory as  already  given.*  We  must  assume  that  the  shock  to  the  nerve- 
elements  causes  a  slow  perversion  of  nutrition,  which  is  only  mani- 
fested by  disturbance  of  function  when  it  has  gradually  attained  a 
certain  degree.  Occasionally  other  causes  co-operate,  capable  of 
producing  degeneration.  Previous  sypliilia,  or  neurotic  inheritance, 
can  eometimes  be  traced,  and  it  is  a  reasonable  assumption  that  th© 
predisposition  thus  axising  may  assist  in  rendering  the  traumatic 
influence  efficient,  or  in  augmenting  its  effects.  Intermediate  eases 
connect  this  class  with  the  last,  cases  in  which  we  must  assume^  from 
indications  of  chronic  inflammation,  that  definite  injury  was  produced 
at  one  or  more  spots.  An  instance  of  this,  and  also  of  focal  myelitis, 
was  presented  by  a  man  with  permanent  spastic  paraplegia  and  an 
intense  girdle-pain  at  the  level  of  the  umbilicus.  These  symptoms 
commenced  three  months  after  a  jump  from  a  table,  and  slight 
unsteadiness,  with  pains  in  the  legs,  connected  the  jump  and  the 
paralysis. 

The  several  consequences  of  injxiry,  which  we  have  considered  as  oc- 
curring in  separate  form,  are  not  only  connected  by  intermediate  cases, 
but  are  also  sometimes  distinctly  combined^  Thus  an  actual  and 
immediate  lesion  of  the  cord  may  be  associated  with  an  earlj  and 
severe  increase  in  the  symptoms  from,  the  development  of  subacute 
invelitis  in  other  parts.  The  traumatic  inflammation,  at  the  spot 
dj,maged,  often  attains  an  intense  degree,  and  runs  a  severe  course,  in 
c'ou sequence  of  the  influence  which  may  give  rise  to  such  inftammation, 
apart  from  a  positive  lesion ;  and,  in  both  cases,  the  damage  to  the 
cojd  may  be  perpetuated  bj  a  degenerative  tendency  It  is  very 
common,  for  instance,  for  an  injury  to  the  cord,  in  those  who  have  had 

*  A  CMS  mnyt  however,  be  mentioDed  in  whtoh  typical  tabe»  followed  alowly  • 
full  on  tli«  back,  recorded  by  Burbour  {*  Juani.  of  Nervoni  nud  Ifvntal  Diseases,* 
MiTi^^ii,  1S91,  Caw  IVJ. 
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rn^n^  Enbside,  but  not  perfect"^  ^ 

^  frwiitf irirt  Ttia-j  peraJBt.  and  even  increi^*  ^ 
^ywtfiiw  of  the  influence  of  the  preTi^>i  /^ 
^  ,  j^  t^fj^mrnt^  prone  to  degenerate.    Agrt ;  /i^ 
^  ^^  4j^^  ^  ^twty  diatliesis  is  an  unqnestioiia.bie 
_^\t^  <d  ill©  gra?e  relapsing  and  spreading  djV 
JLaiiw"""^  <xi  the  cord^  which  causes  only  slight 
^^^  cte  oisonence  of  this  form  of   myelitis  iii 
I     ^  ^mptoms  of  the  later  inflammation 
^rJ^  ^  injury  (the  effects  of  which  ha^e 
i  ^W9f}^  and  are  sometimes  excited  hy  some 
^inili  (soncusaion  which  would  have  had  do 
I  have  known  the  symptoms  of  insiikr 
to  quickly  follow  traumatic  paraplegia. 
to  be  considered,  which  is  common  to 
ol  tiie  cord,  and  is  often  severe  and  per- 
1  aie  alight— spinal  pain.    It  may  con- 
symptoms  have  ceased,  and  probably 
of  the  nerves  of  the  membranes  or  of 

^  ofteup  probably,  the  pain  depends  on 

Ajui  ligaments  of  the  spine.     It  is  essentially 
u    The  paia  may  be  felt  at  one  or  more 
^  rfjif*  eitends  through  a  considerable  length  of 
up  to  the  occiput.    It  is  occasiottLilly 
^^-^^^  aiul  may  there  liav«  the  character  of  a  sense 
,g^^  disoomfort.     The  pain  is  associated  with 
woally  deep-seated,  chiefly  developed  at  the 
ijjnea  present  also   at  other  spots.     It  may 
^  lifiatures  of  a  true  neuralgia,  may  occur  in 
jiltt»d  by  mental  and  other  influences  which  do 
jd  spina,  as  well  as  by  exertion,  posture,  and  other 
^fliidiatelT  infiuenoe  the  affected  structures.    This 
^;it^  "  spinal  inritation." 

lesions  of  the  cord  often  acts  also  on  the 

may  occur  from  the  violence  wbich  affects 

«mptoms  then  co*exist  with  those  of  the  si'in.'U 
m  lat ter  during  the  early  stage.  More  com  w.  on, 
disturbance  of  the  brain,  the  result,  partly, 
i  ooncussion,  but  cbiefiy  of  the  mental  shix^k 

^1  necessarily  causes.     The  residting  condition 

,^i«k>pment  and  persistt^nce  of  subjective  sensory 
^  maintained   by  concern,  has  a  powerful   in- 
oa  aU  forms  of  nerve- pa  in,  and  certainly  aids  in 
m  the  back,  and  even  the  tenderness  which 
^     So  marked  is  the  influence  of  *'  nervous- 
symptoms,  that  it  has    Deen  even  maintained 
of  eaae«  ol  concussion  of  tlie  spine  the 
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BvraptomB  are  of  hysterical  origin.*  Wen-marked  symptoms  of 
hvsteria  are  flometime«  manifested  bj  these  patients.  But,  on  the 
other  hand»  tt  is  neceasary  to  avoid  the  danger  of  over-estimating  tlie 
effect  of  mental  influence*  and  of  regarding,  aa  entirely  due  to  thia^ 
Bvmptoms  which  are  real,  and  are  merely  intensified  by  attention. 
The  danger  ie  especially  great  in  cases  of  railway  injuries,  concerning 
which  an  unbiassed  judgment  is  not  easy  to  secure,  and  in  which,  when 
olijective  symptoms  are  absent,  it  is  easy  to  minimise  suffering,  and 
attribute  too  much  to  the  mental  condition.  The  sinister  influence  of 
litigation  on  the  intellect  may  be  tra.cei  very  widely, t  I  believe  that 
it  ia  rare  for  symptoms  to  be  purely  mental.  It  is  often  asserted  by 
tliose  employed  for  railway  companies  that  subjective  syinpt«>ni8 
quickly  aubside  when  the  sufferer's  "  claims  **  are  settled,  but  it  should 
be  remembered  that  mental  anxiety  ia  a  potent  cause  of  diseases  of 
the  nervous  system,  and  must  be  strongly  opposed  to  recovery  from 
genuine  disorders.  The  occurrence  of  improvement  when  suspense  ia 
at  an  end  is  thus  no  proof  in  itself  of  the  nature  of  the  case,  and  ita 
significance  has  been  unquestionably  over-estimated  ;  moreover,  in  a 
*,'reat  many  individuals  whom  I  have  had  an  opportunity  of  observing 
long  after  they  had  received  their  '*  damages"  (as  the  expression 
curiously  runs)  this  subsidence  had  not  occurred,  and  even  the  **  sove- 
reign balm '"  of  substantial  compensation  has  appeared  to  do  very  little 
for  the  relief  of  the  sufferer. 

Theae  opinions  have  been  formed  from  a  study  of  cases  other  than 
those  that  involve  litigation,  in  which  no  elements  existed  to  bias  the 
judgment,  and  from  a  comparison  of  these  with  many  **  railway  "  cases 
observed  apart  from  forensic  proceedings.  Those  who  desire  to  learn 
what  can  be  said  on  the  subject  of  "  railway  apinea,**  as  they  have  come 
to  be  termed,  when  viewed  from  the  opposite  sides,  will  find  abundant 
material  for  consideration  tu  the  writings  of  Erichsan  ('  On  Concussion 
of  the  Spine,'  London,  1875)  and  Clevenger  ('  Spinal  Concussion,  or 
Erichsen*s  Disease,"  Philadelphia,  1889)  on  the  one  side,  and  of  Page 
(*  Injuries  of  the  Spine  and  Spinal  Cord,'  London,  2nd  ed.,  1885)  on  the 
other.  Scattered  papers  by  J.  J.  Putnam,  Walton,  Spitzka,  Buzzard, 
and  others,  more  or  leas  instructive,  will  be  found  epitomised  in 
Clorenger'a  work,  where  indeed  ia  collected  the  pith  of  almost  all  that 
has  been  written  on  the  aubject. 

DiAONoaia. — The  chief  points  in  the  dia^osia  of  traumatic  leaioni 
of  the  cord  have  been  already  incidentally  considered.  Immediate 
aymptoms  may  be  due  to  laceration,  hsBmorrhage,  or  to  simple  con- 
cussion, and  the  diagnosis  between  these  is  not  always  possible  fti 
first.     If  there  are  immediate  aymptoms  of  a  partial  lesion,  these 

•  J,  J.  Putnam, '  Bo«t<m  M«d.  and  Sargioal  Joarnft!/  1883.  SepL  Gth. 

t  Not  many  yeain  agro  it  wai  euitomary  for  th»  "  «cperta"  who  ftive  •vid#ne*  Ml 
liebiilf  of  railway  coiupaniaa  to  deny  that  th«  tpinHl  cord  eoald  be  injarvd  if  th«  l«gs 
wen  anwiitt«d.  Althong^b  the  opinion  dare  not  now  b«  tzprettcd,  ita  aigoiAeanM  it 
fiOt  witboat  aiialogiea  at  tha  preaent  diij. 


I] 


aaeidT  indicated.    It  is  important  t 
m,  UT  gymptoms  beyond  the  simpl 
'creeping"  sensations  may  be  of  i 
kpenistent  sensation  of  "  pins  and  i 
A  definite   sense  of  constriction 
aiiiiir  disease,  and  so  is  a  well- 
l£e  mnides  on  tbe  two  sides.    The  1 
Ifct  excess  is  slight,   general,   and 
■gnificance  if  the  diminution  is 
of  masdes.  such  as  the  flexor 
Any  impairment  of  power  o 
diagnostic  importance ;  loss  of 
of  little  Talue,  since  this   fun< 
anxiety  and   preoccupation.    A 
Bit  significant  when  it  is  partial.     . 
iliong  presumptiye  evidence  of 
I  of  the  knee-jerk  is  of  little  value ;  al 
some  changes  in  the  nutrition 
adioftte  structural  disease.    In  all  < 
^  tbe  absence  of  any  common  sy 
M  evidence  of  integrity  of  th 
^  ^i  symptom   as  evidence  of  disee 
i  on  a  consideration  so  elements 
proves,  for  a  medical  witness  U 
's  spinal  cord  cannot  have  been ; 
^  absent^  the  presence  of  which  wc 


after  an  accident  a  cautious  pr 
a  the  symptoms  are  slight,  on  accouni 


F 


TEAUilATIO   LESr»NS.  M3 


features  but  of  non- traumatic  origin.  If  the  symptoms  are  sliglit  or 
moderate  in  degree  approximate  recovery  may  be  anticipated,  alt  hough 
Blight  symptoma  often  endure  for  a  rery  long  time.  InJt^d,  in  many 
casea  recovery,  although  approximate,  is  not  ptrfuot.  The  patient  is 
nerer  quite  as  stroQg,  never  becomes  quite  as  rapiible  of  exertion, 
as  before  the  injury.  A  cautious  prognosis  should  also  be  gi\'  -x 
whenever  there  is  the  late  and  gradual  onset  or  increase  of  syniptoms 
that  suggests  &  degenerative  process.  Such  degeneration  presents  far 
less  tendency  to  arrest  or  subsidence  than  do  the  earlier  lesions.  As 
a  rule  the  sooner  symptoms  occur  the  better  is  the  prospeotof  ultimate 
improvement  ot  recovery,  provided  they  are  not  so  severe  as  to  be 
incompatible  with  life. 

Tbeatmbnt.- — The  early  treatment  of  these  cases,  and  much  of  the 
later  treatment  of  those  in  which  the  spinal  column  is  injured,  is 
purely  surgical.  The  points  of  medical  character  alone  need  Bpecial 
mention,  and  many  of  these  have  been  anticipated  in  the  precediag 
pages.  In  all  cases  in  which  spinal  symptoms  are  present  im- 
mediately after  an  injury,  however  slight  those  svmptoms  may  be, 
absolute  rest  should  be  insisted  on  for  some  days  or  weeks,  according 
to  the  severity  of  the  early  symptoms.  1  his  is  necessary  on  account 
of  the  secondary  inflammation,  which,  as  we  have  seen,  so  often  occurs. 
The  treatment  of  developed  symptoms  must  be  conducted  on  the  same 
general  principles  as  in  cases  of  myelitis;  the  details  need  not  bo 
here  repeated.  If  there  is  museiilar  wasting^  it  is  impoHunt  that  the 
nutrition  of  the  muscles  should  be  maintained  by  electrical  stimubi- 
tion,  since  a  very  considerable  amount  of  ultimate  recovery  may  be 
anticipated,  audit  is  important  to  keep  the  muscular  tissue  as  far 
as  possible  in  a  condition  to  respond  to  the  nerve-power  wheu  this 
returns.  If  there  is  reason  to  believe  that  there  is  inflammation  of 
the  membranes,  or  inflammatory  effusion  outside  the  cord,  com- 
pressing it,  mercury  may  be  given^  but  this  condition  is  probably 
much  more  rare  than  might  be  anticipated.  The  inflyenc^  of 
mercury  on  inflammation  of  the  substance  of  the  cord  is  doubtfxd. 
The  chief  element  in  treatment  is  patieutly  to  permit  time  to  do  its 
work,  and  the  tissues  to  slowly  regain  auch  integrity  of  structure  and 
function  as  is  possible;  meanwhile  preserving  the  fMitient  from  all 
influences  likely  to  interfere  with  the  processor  to  setup  other  mischief, 
such  as  cystitis  or  bedsores,  which  would  eotail  frcsh  danp^-er.  There 
is,  however,  one  therapeutic  mtasure  that  is  of  uuquestiouable  value 
in  the  treatment  of  the  later  stages,  especially  of  the  cases  in  whieb 
the  recurring  syuiptoms  suggest  a  relapsing  myelitia  as  the  sequel  of 
injury ;  and  that  is  the  repeated  applieation  of  a  mild  ''actual  cautery" 
on  ejich  side  of  the  spiuo  opposite  the  affected  region.  Severn! 
applications  should  b©  ma<le,  with  or  without  an  anesthetic.  It  is 
not  desirable  to  lessen  the  pain  by  cocaine,  because  this  is  likely  t> 
interfere  with  the  influence  of  the  proceeding,  the  beneficial  cbaracster 
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will  tihow  that,  la  a  case  of  purely  liTstericiil  paraplegia,  the  morbid 
functional  condition  is  cerebral ;  the  brain-centres  which  act  on  the 
leg8  are  at  fault,  but  the  condition  of  the  functions  of  the  cord  itself 
may  be  abaolutely  normal.  The  spinal  motor  centres  are  in  a  state  of 
inactiyitj  because  the  related  cerebral  centres  are  inactire,  but  this  ia 
no  more  a  diseased  condition  of  the  cord  than  is  its  corresponding 
functional  state  during  physiological  rest.  Hysterical  paraplegia  will 
be  described,  with  other  palsies  of  like  origin,  in  the  diapter  on 
hysteria — a  malady  for  which  the  term  '*  functional  "  is  often  emi>loyed 
in  Tarions  ways,  as  a  couTenient  euphemism. 

At  the  same  time»  it  must  be  remembered  that  there  it  no  sharp 
line  of  demarcation  between  functional  derangement  and  nutritional 
changes.  As  already  mentioned,  no  functional  state  can  exist 
without  leaving  behind  it  some  corresponding  change  in  the  finer 
molecular  nutrition  of  the  structures  ;  and  if  functional  derangement 
of  lower  structures  results  from  that  of  higher  cerebral  centi'cs,  and 
is  maintained  for  long,  the  change  in  nutrition  that  results  may  be 
OoXLsiderable,  and  may  be  so  dehnite  as  to  persist  even  after  its  cause 
has  ceased  to  act.  Moreover  the  general  enfeoblement  of  defective 
nuiritinn  of  the  nor vo -elements  is  a  potent  cause  of  this  functionai 
disturbance,  and  at  once  facilitates  and  augments  such  effects.  The 
process  may  be  observed  in  many  cases  not  only  of  hysteria,  but 
also  of  other  derangements  of  the  cerebral  functions,  and  it  is  seen 
also  in  lower  centres  as  an  effect  of  pain. 

Isolated  disturbance  of  functional  centres  in  the  cord  does,  however, 
iometimes  occur*  It  is  seen  in  the  conditions  of  Inhibition  which  are 
designated  •'  reflex  paralysis."  Such  palsies  were  once  thought  to  be 
common  and  persistent,  but  it  has  been  proved  that  many,  and  it  is 
probable  that  all,  cases  of  considerable  and  prolonged  palsy,  formerly 
thought  to  be  of  reflex  origin,  are  due  to  organic  disease,  either 
primary  in  the  cord  or  secondary  to  an  ascending  inflammatioH  of 
nerves.  But  transient  pSiralysis  sometimes  occurs,  which  cannot  be 
otherwise  explained  than  as  an  inhibition  of  a  spinal  centre,  due  to 
peripheral  irritation.  Such,  for  instance,  is  the  curious  inability  to 
pass  urine  which  sometimes  follows  an  operation  on  the  anus, — the 
division  of  a  fistula,  for  instance,  or  the  removal  of  hsemorrhoida. 
The  inability  may  coutmue  absolute  for  several  days.  Transient 
weakness  of  one  arm  is  said  sometimes  to  follow  an  operation  for 
empyema  (Lcpine),  but  the  fact  that  the  weakness  may  be  att^^nded 
hv  ehoreoid  movements  in  both  arm  and  leg  of  one  side  (Weill 
makes  it  probable  that  the  influence  is  exerted  on  a  cerebral  rather 
than  on  a  spinal  centre.*  Considerable  paraplegia  was  thought  to  be 
sometimes  a  reflex  effect  of  disease  of  the  bladder,  or  of  a  cidculus  or 
other  organic  disease  in  the  kidney,  but  it  is  probabli^  that  such  cases 
are  always  of  organic  nature.    Ascending  neuritis,  reaching  the  cord, 

*  PlAr»ly*i«  »tid  wftttin^  of  MmU  uiaKiiti  mikI  ttifm^tpitiMti  tim«clo«  liHre,  bow- 
cv«r,  folluvred  doubU  einp/emA  (Ca^Ic;.  '  Cliu.  Sue.  Tr^ui./  18U8,  toU  xxx\). 
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eeoondarj  to  morbid  iitatefl  of  the  cerebral  motor  centres,  or  form  part 
of  diseases  of  wider  range  in  connection  with  which  they  are  described. 

Other  cases  which  may  be  regarded  as  functional  are  those  in 
which  symptoms,  commooly  subjective  in  character,  result  from 
some  morbid  blood-state.  The  conditions  which  most  frequently 
have  this  effect  are  gout  and  diabetes.  Occasionally  there  is  defi- 
nite failure  of  power,  lasting  for  a  few  days  or  weeks,  without 
objective  symptoms,  and  passing  away.  But  the  most  common 
symptoms  from  this  cause  are  sensory  and  subjective, — feelings 
of  tingling  and  fonnication  in  the  legs,  dull  aching,  and  sometimes 
actual  pain ;  this  is  usually  transient,  but  occasionally  continues  for 
some  days  or  weeks,  various  in  position,  but  in  gouty  cases  often  felt 
in  the  heels.  Such  symptoms  due  to  morbid  blood-states  occur  chiefly 
during  the  second  half  of  lifa  Those  of  gouty  origin,  like  other 
symptoms  of  the  same  class,  are  especially  common  in  persons  who 
inherit  a  tendency  to  gout,  but  have  not  sufEered  from  attacks  of 
definite  arthritis. 

In  the  diiiguosis  of  functional  disorders  the  first  element  is  the  ex- 
clusion of  any  sign  of  positive  disease,  and  the  second  is  the  discovery 
of  some  morbid  state  capable  of  giving  rise  to  the  functional  derange- 
ment, or  of  associated  symptoms  unequivocally  functional  in  character, 
llie  first  of  these  is  that  of  primary  and  paramount  importance, 
which,  alike  in  practice  and  reasoning,  should  precede  the  others. 
The  various  points  involved  In  the  diagnosis  of  hysterical  affections 
are  desci-ibou  in  the  chapter  on  that  disease  in  Vol.  II ;  one  only  need 
be  mentioned  here — the  importance  which  attaches  to  the  state  of 
myotatic  irritability  in  the  legs,  and  the  great  difficulty  in  ascertaining 
it  presented  by  many  of  these  cases.  Permanent  excess  shows  that 
there  is  more  than  functional  derangement;  although  it  does  not 
exclude  the  latter,  it  indicates  changes  in  nutrition,  and  will  be  re- 
turned to  presently.  The  cases  in  which  the  knee-jerk  is  apparently 
absent  present  a  special  difficulty.  It  is  never  really  absent  in  func- 
tional disorder  (except  when  the  centres  are  exhausted  by  violent 
convulsion),  any  more  than  it  is  in  health.  Failure  to  obtain  it  is 
due  lo  th*'  inabiUty  of  the  patient  to  relax  the  muscles,  which  may 
rcndrr  attempt  after  attempt  futile,  until,  in  some  fortunate  moment, 
rtUxulion  is  secured  and  a  characteristic  jerk  is  obtained.  The 
expedients  that  facilitate  the  attempt  have  been  already  mentioned 
(p.  21),  and  the  subject  has  been  suificiently  discussed  in  the  account 
ot  tho  dJa^'UHsis  of  tabes. 

Tlie  trt'atmonl  of  functional  disorders  is  that  of  the  morbid  states 

»to  which  they  are  due,  or  of  which  they  form  part,  and  does  not  need 
special  description.  That  of  the  symptoms  due  to  toxio  infiuences  is 
Dcci'ssarily  the  removal  of  the  condition  which  causes  them,  but  they 
may  be  to  some  extent  relieved  by  sedatives,  of  which  bromide  of 
ft  potassium,  cocaine,  Indian  hemp,  cimicifuga,  and  small  (7  or  10  gr.) 
m       doses  of  chloralamidH  are  the  most  effective* 
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tiona  in  spinal  nutritioii  in  tliat  disease  are  apparentlj  the  result  of 
the  impress  ions  on  tlie  peripheral  nerves.  In  women  sncli  a  con- 
dition is  often  associated  with  uterine  or  oTarian  pain,  and  with  sacral 
pain  apparently  of  uterine  origin.  It  is  possible  that  the  condition 
we  have  been  considering  is  sometimes  secondary  to  such  nt^rine  pain, 
which  acts  in  a  manner  somewhat  analogous  to  that  in  which  joint 
ixiflammation  acts,  and  that  this  is  the  explanation  of  many  of  the 
oases  in  which  a  relex  disturbance  of  the  functions  of  the  cord  has 
been  supposed  to  be  of  uterine  origin.  The  condition  is  also  often 
associated  with  spinal  pain  and  tenderness,  which  may  hare  a  similar 
influence. 

In  the  diagnosis  of  these  nutritional  affections  of  the  spinal  cord  it 
li  important  to  remember  that  tJiey  may  be  doaely  simulated  by 
analogous  changes  in  the  peripheral  nerves,  constituting  the  slighter 
degrees  and  forms  of  polyneuritis.  The  chief  points  in  the  distinction 
have  been  described  in  the  account  of  that  disease.  It  is  in  the 
parenchymatous  forms,  and  especially  in  the  sensory  Tarietirs,  that  the 
danger  of  confusion  is  apt  to  arise.  Symmotry  in  the  distribution  of 
the  subjective  sensations,  or  positive  auBeathesia,  and  their  localisation 
in  the  extremities,  are  the  most  important  features  of  neuritic  change. 

Connected  with  this  distinction  is  another,  of  not  less  importance. 
Nutritional  changes,  equally  with  the  simpler  functional  derangement, 
may  be  the  result  and  expression  of  the  action  of  some  toxic  blood* 
state,  and  all  that  has  been  said  In  connection  with  mere  altei-ation  in 
function  applies  also  to  the  class  now  under  consideration.  Toxic 
influences  cannot,  indeed,  act  for  long  without  leading  to  changes  in 
nutrition,  which  may  speedily  attain  a  degree  that  amounts  to  visible 
•tructural  disease.  A  search  for  such  an  agency  should  never  be 
neglected  in  any  case  in  which  the  symptoms  have  not  followed  an 
adequate  cause,  and  do  not  form  part  of  a  general  state  of  the  same 
nature.  But  it  must  be  remembered  that  the  peripheral  nerves  are, 
as  a  rule,  more  susceptible  to  toxic  influences  than  ia  the  spinal  cord, 
and  this  fact  gives  ad<litional  weight  to  any  indications  that  it  is  from 
these  that  the  i$jmptoms  proceed.  Lastly,  symptoms  suggestive  of 
mere  changes  in  the  finer  nutrition  of  the  nerve-elements  are  fre- 
quently the  earliest  indications  of  organic  disease  of  one  or  another 
of  the  types  already  described,  and  in  all  recent  and  progresi^ive 
eases  their  general  character  and  aspect  must  be  carefully  considered, 
and  compared  with  the   known  features    of    the    various    organio 


The  casei  with  vach  slight  but  persistent  symptoms  as  have  lioen 
jnst  described  vary  much  in  their  features,  and  may  present  all  sorts 
of  slight  symptoms,  in  the  utmost  diversity  of  degree  and  combina- 
tion. To  consider  them  in  detail  would  be  to  describe  an  indeilnite 
series  of  individual  cases,  no  two  of  which  are  identical.  The  precise 
degree  and  manner  in  which  the  ne^^T»-eleraent8  suffer  may,  it  is 
evident,  be  almost  infinitely  various.    Their  corresponding  manif»sta- 
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tioii9  prcs?ut  features,  combinatioug,  aad  gradations  tliat  enlirefy 
baffle  an  attempt  to  designate  them,  or  even  to  perceive  de£nite  types 
about  which  tbej  can  be  grouped.  These  are  Bome  of  the  cases  of 
disease  \<hich  exemplify  the  faihire  of  types  in  practical  work^  the 
error  involved  in  the  attempt  to  give  names,  and  the  paramount 
importance,  in  the  process  of  dia^osis,  of  contiidering  what  morbid 
condition  the  symptoms  indicate,  and  of  dealing  with  each  case  as  a 
new  problem,  »ui  generis,  whether  or  not  it  is  ultimately  found  to  be 
one  of  a  familiar  series.  This  method,  moreover,  conducts  the 
practitioner  at  once  to  the  morbid  processes  that  need  treatment, 
and  should  determine  the  character  of  his  efforts  to  alter  that  which  is 
at  fault. 

It  is  unfortunately  not  common  for  the  indications  of  nutritional 
disturbance  of  the  cord,  when  they  have  been  long  established^  to  paas 
away  altogether,  although  some  degree  of  improvement  can  often  be 
secured;  and  in  many  cases,  especially  in  those  of  brief  duration, 
approximate  restoi-ation  to  a  normal  state  may  take  place. 

The  treatment  necessarily  varies  according  to  the  precise  con- 
dition that  exists,  and  the  causes  on  which  it  depends.  The  removal 
of  these  as  far  as  possible,  and  of  any  influence  likely  to  depress  the 
nervous  system,  must  be  the  first  consideration.  It  should  be  remem- 
bered that  no  part  of  the  nervous  system  is  unaffected  by  mental 
depression,  and  that  impairment  of  the  general  health  may  render  im- 
possible recovery  from  local  disease.  From  these  general  principle* 
the  details  of  the  treatment  of  individual  cases,  too  various  to  be  here 
described,  may  readily  be  deduced.  Therapeutic  measures  that  are 
thus  reasoned  out  and  determined  on  by  the  indications  of  the  special 
case  are  far  more  likely  to  be  successful  than  those  that  are  simply  taken 
from  a  description  of  treatment.  The  only  points  that  need  special 
mention  are,  lirst,  the  importance  of  securing  mental  tranquillity  by 
l^roducing  the  conviction,  when  possible,  that  no  grave  diaeaae  exists 
or  is  impending,  and  with  it  the  disregard  of  those  slighter  sensations 
of  discomfort  that  become  more  aggressive  and  disabling  the  more  they 
are  noticed.  At  the  same  time  it  is  important  that  the  patient  should 
avoid  nil  over-exertion,  all  risk  of  falls  or  chills,  and  should  be  espe- 
cially careful  in  regard  to  sexual  intercourse,  which  often  has  a  peculiar 
effect  in  augmenting  the  symptoms ;  and  in  the  unmarried,  perfect 
contitienoe  should  be  enjoined.  Often,  indeed,  in  the  case  of  men,  the 
Tiitytital  preitccupation  causes  an  apparent  failure  of  sexual  desire,  which 
itself  is  a  source  of  concern — generally  groundless*  Eeassuranoe  on 
this  point  frequently  helps  to  secure  the  desii'ed  mental  state.  Equally 
important  ia  it  to  dit^abuse  the  sufferer's  mind  of  the  idea  that  seminal 
li.KjS  is  weakening — an  error  widely  prevalent ;  the  truth  being  that  any 
depressing  influence  comes  only  from  the  associated  nervous  action.  But 
it  is  important  to  lessen  undue  frequency  of  nocturnal  emissions,  and 
for  this  nothing  is  so  effectire  as  Milton's  remedy,  large  doses  of  the 
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tinct.  ferri  perclilor.  (m^xj  or  ixx)  three  times  a  day,  coupled  witb 
tlie  avoidance  of  lyiag  on  tlie  back. 

Tlie  relief  of  disabling  pain,  hj  tlie  measTires  described  in  the 
chapter  on  neuralgia,  and  by  the  treatment  of  any  local  morbid  stale. 
is  indispensable.  Rest  from  work,  tlie  improTement  of  the  general 
health,  and  the  administration  of  nervine  tonics,  Huch  as  arsenic, 
phosphorus*  quinine,  stryclmia,  and  the  like,  are  the  chief  other  points 
ID  treatment.  A  course  of  massage,  or  of  gentle  faradisatioiL  of  the 
muscles,  is  also  often  uiieluL 


APPENDIX.* 
THE  MUSCLESPINDLB. 

In  1862  Kolliker  first  described  the  muscle- spindle,  and  in  the 
following  year  Kuhne  added  considerably  to  the  description  given  by 
Kolliker.  Both  these  investigators  considered  that  the  mu8cle*spkidle 
was  a  stage  in  the  development  of  muscle  and  nerve,  and  although  in 
tlie  following  years  a  considerable  number  of  invt^stigators  on  the 
subject  published  their  rcBearehea,  it  was  not  till  1888  that  Kerschncr 
argued  the  seasory  nature  of  the  muscle-spindle.  In  1893  Ruffini 
described  an  annulo-spiral  nerve  termination  within  the  spindle,  but  it 
remained  for  Sherrington  in  1894  to  prove  by  eiperiment  that  the 
nerve  supplying  the  spindle  passed  up  in  the  posterior  root  and 
definitely  to  settle  the  sensory  nature  of  the  muscle-spindle. 

Disiribviion,  —  Muscle-spindles  have  been  f oimd  in  nearly  all 
skeletal  musrles  of  the  body,  eicepting  the  eye  muscles  and  the 
diapliragm.  They  are  abundant  in  the  small  muscles  of  the  hand  and 
in  the  arm  muscles,  and  are  more  numerous  in  the  belly  of  the  muscle 
than  near  the  tendon.  In  relation  to  this  statement  it  is  well  to 
recojjnise  that  the  musculo-tendon  organs  are  found  to  be  numerous 
in  the  region  of  the  tendon.  The  muscle-spindle  is  present  at  all  ages 
from  the  fourth  mouth  of  foetal  life  onwards. 

Size,— The  size  of  the  muscle-spindle  varies  considprahlv,  not  onlv 
ij  the  same  mur^ele  but  also  with  regard  to  the  length  of  the  muscle, 
and  the  age  of  the  subject,  being  longer  in  the  adult  than  in  the  cLiiU, 

•  The  followiojr  nccount  of  tlio  muscle-sjiindle  bi48  been  kindly  written  by  Dr,  P. 
B.  liatU'",  H  l«o»«  Hbl«  Mtid  indiutrioua  rescarcbe*  on  the  lubject  render  thU  expr*i*- 
ftioti  of  his  viuwi  mott  valu«iU«. 


APPENDIX. 


673 


fixid  fibres,  some  of  tbein  measuring  onlj  *008  mm.  At  a  certain  point 
in  the  equatorial  region  some  of  the  muode-fibres  lose  their  trana- 

itriatJon  and  nuclei  appear  in  the  substance  of  the  muscle- fibre. 

nuclei  graduallj  increase  in  number  till  they  completely  fill  the 
fibre,  then  after  a  short  distance  thej  become  less  numerous,  and  tbd 
muscle-fibre  apiin  resumes  its  striation.  At  the  equatorial  region  the 
muscle-fibres  do  not  fill  the  whole  spindle,  but  lie  to  one  side.  At 
'thej  pass  to  the  distal  end  of  the  spindle  thej  become  joined  again 
and  pass  out  of  the  spindle  as  two  or  three  fibres.  It  will  be  seen 
from,  tbe  above  description  that  a  tranarerse  section  of  the  spindle 
WM^  mt  m  glTen  point  in  the  equatonal  region  aeem  to  contain  no 
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Ft«.  192.— Kormsl  s^adls  of  child  tn  trniArerw  tsction.  Kagiitfi«d 
itO  diamet«n. 

L  Section  near  tin  pDla.  The  9im»  narked  with  Tivtieal  Hdm  V 
■liiaele-flbrea  in  tnui»rents  aeetioB. 

5.  Nerva  entenn^  iuto  vplndle.  Many  of  tbs  dark  faodira  In  een^ci 
with  the  tnnicle-Hbrea  ara  nanra>fibret. 

8.  N«ar«r  iba  eqnatoirial  ivgioa  tb«  a\itmih  ha«  aeqolrad  eontiderabla 
tkiekuan. 

4»  At  tha  «qantoi-ial  region  th«  moacle* fibres  hava  ntidergruDe  oooiidir* 
ibia  CBodificatioD,  aod  ara  no  longar  rceogrniiabl*  aa  tnch. 

fi.  Tba  fptndle  near  tb«  oppoaita  polai  tha  mnada^ftbrfs  hats 
tbair  ruttfiral  appranince. 

6.  At  tbe  ditUl  pola  of  tba  fplndla» 

YOL*  U  4$ 
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tegM^  to  tlieSr  nerre-mpplj  and  the  ehaaraeter  of   their  mTude- 

In  p0riph0rdl  neuriHB  oertain  cthaagQa  baye  been  deBciibed  within 
i&,  mtiflole-spin^  both  at  xegaxdB  the  nmsde-fibree  and  alio  at 
j^^dB  the  netYeBi  in  other  oaaea.  LoweYW,  thqr  have  been  ahown 
to  bo  perfectly  nonnaL 

la  idbe9  dortalU,  althou^jQie  external  form  of  the  ipindle  and  the 
nerres  paaaing  to  it  have  been  found  to  be  normal,  oertain  changes 
bave  been  described  in  the  intra-fnaal  mnade-fibies.  The  evidence^ 
bowerer,  on  this  point  is  meufRcient  at  ibe  piesent  time  to  justify  «■ 
In  regarding  ibe  changes  deacribed  as  oonstant  m  this  disease. 

jj^,ir»»i»fc-«HSM»«j^^  ^  Plgrriology/  loL  xvii.  p.  287.  1899| 
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Clarke's  column,  206,  221                                 ^H 

^^^^B                        paralyslt,  575 

in  tabe«,  471                                             ^ 

^^^^B               -»  tiloeratioa  of,  in  myelitii,  868 

Olaip-knife  rigidity,  265,  493 

^^^^                Blood -tupply  of  cord,  226 

Clat^aidcation  of  nervoua  diaeAs«a,  1^  S 

^K^^               Bonei  in  Infantile  paUj.  404 

CUw-iilce  hand,  43,  109,  639 

^^^^h               ^  in  lyringoixiyelia,  643 

Cioniia,  foot,  11, 12,  22 

^^^V              —  nuferilion  of,  245 

^  spurious,  501                                                        , 

^V                      Bradhia]  nearitis,  119 

Coarse  dlaeuse,  1                                                  ^H 

^^"                          —  plexm,  diseasea  of,  99 

OoM,  exposure  to,  in  cord  dlioaii^  877          ^H 

BrachLaUt  antioua  muirk,  88 

CollateraU,  66 

Bronchial  orisea,  482 

Coiamn,    antero*lateral    ascending^    201,           | 

Brown-S^uard,  experimeaU  oa  i^oiatbnj 

208,  222,  470 

234 

—  —  descending,  215,  823 

Bmrdiich'*  csolnmn,  200,119 

—  of  Burdacb,  200»  819                                           ^ 

—  of  Oarke.  206.  221                                              1 

0 

—  of  Goll,  200 

CaSiiOQ  dltette,  488 

»  of  Oowera,  £01,  £08.  SaH  470   («v 

Calf  Muaolea,  oentret  for,  282 

Antero-Uteral  asoeadiog) 

C«llui,  effecta  of,  on  nerreB,  101 

—  ofTarck,  210 

^pat  oomu  poateriorU,  206^  225 

1  —  posteriorj,  215 

iKDsx.                        tm 

^ 

Gdmi.  foatetior  veaieakr,  206 

Crutch  paltT,  105 

^M 

—  Iiflitwu  tifnal,  200,  S19 

Cuiieat^-  anclena.  219 

^^K 

-*  pailm.ni«dtmn.  1O01.1O7 

Currmtnrv,  angnUr*  287,  290^  ttl 

^^ 

Gbn%iMit*i>a  of  tv  mploas  is  svd  ifa^M^ 

—  of  tpliie,  }At«nil.  307 

1 

MO 

-.  in  rriadf«bh'a  iUmms.  523 

^^1 

Cammm.amp^  dagmiemion,  SlO.  810 

—  in  idSopayue  BQiciikr  atrophy,  688 

^H 

Commlisttrml  uHmrj,  226 

—  in  infantile  pam}y>t»»  408 

^^1 

Ogmnib«ui««  c.f  cord,  201.  223, 224 

—  in  ptaodo-hjfpertpoivhic  p«raly«f»  575 

^^1 

G'mprewion*  elTfcta  o<;  oa  nervM^  80 

—  in  pTt)graniT«  uitaenUr  atropl^,  888 

^H 

^  myelit^i.  276 

^  in  fyT*ngomyeli»,  642 

^^1 

—  of  eortl.  390 

—  Lterul.  307 

^^1 

C»«MioD  myeUti^  652 

CnfcaneouB  reAex«a»  20 

^^^ 

Coadii^tioii  in  cord,  228.  288 

—  wn«tbility,  r«pr«MQtati(»  of*  Ib  cord. 

^H 

Con^rnttAl  pvamjotone,  806 

238 

^H 

-^  cpavtic  panip1efri»,  49$ 

Cysticerci  of  cord,  609 

^^^H 

•*  tabe*  And  spinA  bifida,  651 

Cytta  in  «ord  tamonn.  614 

^H 

CcKigestion,  2 

D 

^H 

Contraction,  fibrillnry,  8,  257.  530 

^^^ 

—  idio-aitiflCttI«r,  8 

Deafnet*  in  Ub«a,  457 

^H 

—  In  p«<>Ddo-hypertrophio  purdjfii,  674 

Decuisntion  of  »«u»«iry  flbrea  In  eord,  18^ 

^H 

~-  iBjor»tic,  26 

235 

^^1 

Contmcturv*  12,  266 

I>e«p  refleiM,  19,  20,  238 

^^1 

*-  After  fBcial  palij,  77 

DeformitJi^  from  infmitila  psiay,  405 

^^H 

Conti»-l»teral  miiaclev  34 

Df  genemtioii,  4 

^H 

ConTiil*iont  in  cord  diwfftfte,  269 

—  bilateral,  in  cord,  211 

^^^ 

Co-erdinition  of  morement,  11,  242 

—  ooinnia-«b«ped^  of  eord,  216,210 

Gcrrd.274 

—  fatty,  of  ina»cle.  54d 

^^*  abocess  of,  277 

—  granular,  546 

—  Affeclionj  tjmptomt  of,  258 

—  in  cord,  217 

—  l^nAtomy,  199 

—  in  t»yelit)%  356 

—  blood -ioppl.v  of,  226 

-^  irrlUtivo  clmr«cter  of,  68 

—  oavitiet  «tid  fliisiircs  la,  620 

—  reaetlon  of,  in  tibuitcio,  31.  38 

—  degetierotion*  of,  442 

in  MDBory  iierveB,  406 

—  diMABei  of,  199 

— '  fatrogradu*  215  (fout-tioto)                            » 

^~  emboliiin  of,  377 

—  teooiidnry,  of  nervci,  65 

—  fuoctions,  228 

—  Walkriati,  65 

■^  grey  »abst«iice  of,  208 

Degeoerations  of  cord,  274 

—  In  p€Tiplieml  neuritis,  168, 178 

aicetidiri^,  208,  215 

—  Inflainuititkm  of,  343 

deteending,  208,  210 

—  liicmbriiiiea  of,  109 

—  Titreoui,  of  inuBcli*,  70,  546 

—  toftcning  ofp  276,  276 

Deti:enerative  neurit  in,  82 

^  tnmoiars  of,  607 

—  reaction,  32 

Corau-commiwural  trmt,  220 

Dt-iter'icelb,  201,851 

Corpnr»  amjUcea,  34H,  527 

Deljiy  of  acnaittion  in  tabet,  458 

Cronip»  17 

Deltoid  tnascle  and  c«ntre,  86.  231 

CremMiteric  reflex,  20,  232 

Dendrite,  55 

Critei  in  labeii,  462 

_  c«lhili|iet<a,  58 

Cro«»ed  afferent  tract,  238 

Dendron,  56 

—  pyr*midiil  trmola,  209 

D««eendmg  nnUro-iateral  tract,  218 

—  leDwittoii,  272 

—  dajeenerationi,  208,  210,  228 

Cro«»- legged  progre»i*on,4©6 

Denteropatbio        progrettka       aucolar 

Croraua  nnide,  47 

atrophy,  5^2 
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EmphjaeiM* 

368 
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—  type  of  muscniar  atrophy,  666,  667 
False  neuroma,  90 

Faradism,  29,  75 

—  in  infantile  palsy,  422 
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—  and  aeuritifl,  137                                                  ^^M 
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-^  iubitance,  203                                                            ^^M 
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—  phenomenon,  23 
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FriedrekVi  discaie,  615 
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Functional  d»eaae«  1,  276,  664 
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Gftit  iM  Friedmch'f  nUx;,  £20 

—  jnt<>  cord.  320,  437                                                   ^H 

-^  in  paeudo-lijpcTtpophy,  669,  786 
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—  of  cofd,  610 
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^^■^        682                                                                                                         ^M 

^^^H            Hereditary  atax.r,  510 

Intercostftb      in     progressir©      miiBealv         ^J 

^^^H            —  eorebeUar  arMxy,  524 

atrophy,  537                                                   ^^M 

^^^^B            HerpM  zoster  in  <  ari>  a,  290 

Inrermediate  grey  iubitiinee*  200                      ^^M 

^^^H            Herpetic  DeuHtia,  196 

—  group  of  cells,  205                                          ^^H 

^^^^H            Blp-joiiit,  EDuacleii  movioji;  the,  46 

—  procew.  205                                                       ^^ 

^^^^H           —  iierTB-oeritrcs  fur,  232 

—  septal  artery,  227 

^^^B           Horn,  later  a].  20S,  24J5 

—  Beptuin  of  cord,  216 

^^^^H           HumeraB,  di»lueatioii  of»  «ad  pttrn1jfii,lll 

Intermedio-lateial  tract,  206 

^^^^m            -^  fracture  of^  kitid  pjirul^»lt,  111 

InteniHl  meuingiti«,  313                                        ^^M 

^^^^H             Htitchlnsoa't  roaak,  453 

^^  ^^  chroaie,  322                                                ^^| 

^^^H            Hvalt^pUsn],  56,  60 

—  popliteal  nerve,  iVi                                        ^^| 

^^^H            Hydatid  disease  of  cord,  6€0 

Internode,  63                                                           ^^^ 

^^^H            ^  —  of  Hpine,  a06 

loterosMl  of  fixit,  51,  62                                    ^^| 

^^^H            H^^droiuyelitt,  628 

—  of  hand,  41                                                          ^H 

^^^H            Hydrarrha^<hi4  inierna.  628 

Interttitial  nenritE,  82,  83, 85                             ^H 

^^H            Hjpersemm  of  cord,  &39.  343 

lntra*memngeal  hiuitiorrhage,  320                       ^^| 

^^H          Hypensstbeiifl.  15,  259 

lntra>«piDaI  tamoura,  607                                       ^^| 

^^^^^1           ^"  in  cord  disi*aa«r  259 

I  rritabil  i  ty«  elec  tri  cal,  of  uerve  and  mmolflb         ^^\ 

^^H           Hyperalgesm,  15,  259 

29, 71                                                                   J 

^^^^^B           —  iti  cord  ditense,  2a 9 

—  of  muscle,  reflex,  26                                        ^^H 

^^^^H           Hjperpjreiia  in  cord  diseaie,  268 

Irritation,  tpinal,  660                                             ^H 

^^^^H           Hypertrophiu  pachynieningitU,  326*  623 

Irritative  ehaiiicter  of  leoondary dcg«Hi«*              1 

^^^^H           Hypertrophy,  muscQlar,  590 
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^^^^H           Hypotoiiie  muscuUire.  256 

—  degeneradon  of  pyramidal  fibres  166          ^H 

^^^1                       in  tabes.  461 

^H 

^^^H           HyiberiA  >iid  myelitit,  372 

^1 

^^^^H           Hjfterical  pamplegiaj  66S 

Jaw.Jerk.496                                                      ~^| 

Jeadrassik'a  nietbod,  21                                       ^^B 

^^H 

Jojnta  in  infantile  pitlay,  406                             ^^| 

^^^^m           Id{i>>mtitcQlar  contraction,  8 

—  in  tabes,  469                                                   ^H 

^^r                   Idiopathic  muaculiir  atrophj«  582 

*^  nutrition  of,  245                                               ^^H 

^M                    —  ueurltit,  146 

JnTemld  muscubtr  atrophy,  566                          ^^H 

^P                    Iliacus  mudcle,  46,  2d2 

^H 

^^                    Iinpukei,nervoui,  oriijin  of,  68 

^B 

tnoisioiis  of  Sclimidfc,  63 

Eak.k^  186                                                        ^^H 

Incontinence  of  urine,  246,  861 

Kathode,  78                                                           ^H 

oTerflow,  246,  361 

Kidney  diceaie  In  stAxio  puiplcgift^  469          ^| 

reflei,  246,  361 

ill  tabes,  416                                              ^B 

1  aeo-  ord  i  n  n  tion,  tn  ed « an  i  tm  of,  477 
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Kinmpke'a  paralyilt,  118                                      ^^H 

Indentationi  of  Lnutermano,  68 

Enee,  eztenaora  of,  47,  232                                 ^^H 

Iijfantile  paralyaia,  396 

—  iexora  of,  47.  232                                             ^H 

—  —  Tegrewion  In,  408 

—  muRclee  moving  the  kne^47                        ^^| 

Infection  in  cord  diBenMs*,  277 

Enee.J«rk,  20.  21,  24                                          ^H 

Inflaoiniation  of  cord,  848 

—  oentre  for,  289,  252                                       ^H 

— *  of  metnbranefl,  322 

—  Sn  diph Iberia,  477  (footnote),  481                ^H 

—  of  iiervet,  82 

—  in  Friedreich'!  disease,  521                            ^B 

—  parenchymatunt,  4 

—  in  idiopathic  mtiacular  ntrophy,  68I&             ^^| 

Xufrti-gpinatne  mudcK  37 

—  in  leproui  neuritis,  11 8                                    ^^H 

„  _  In  pgeudo^hypertrophlo  pAlift  670 

^  in  pBeudo.bypertrophic  palsy,  675                ^^| 

Tnjory  in  cord  dUea»e,  277 

—  in  tabes,  448                                                      ^B 

-»  to  nervei^  60 
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^ 

Knee-Jprk,  1o»i  of.  264.  272,  4-48,  617 

Lordosis  in  psendo-hypertropliic  mnacalar 

H 

—  mtuTu  Qt,  in  fcabei^  456  (f  ootEota)^  464 

atrophy,  576 

^1 

SoUiker.ea 

Lower  liinbn,  musclei  of,  46 

lintewiinnnesB,  16 

Lumbar  enlargement,  locaiiaation  In,  232 

■ 
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—  plexus,  diseases  of,  115 

^H 

LacoFwIion  of  cord.  652,  654 

—  region,  tomours  of,  620 

^H 

LftQienefti,  intermittt'nt,  341 

Lnmbrieiiles  of  foot,  52 

^H 

f4ndrj*i  paralyils,  ^71,  427 

—  of  hand,  41 

^^ 

«nd  neuritis,  427 

^^M 

hmrfagenX  crimes,  462 

H 

^H 

—  nervet,  i^ffectiona  of,  in  neori^  161 

Main>en*griffe,  43,  109,  &39 

^H 

it,  tftbei,  462 

MedliiQ  nerr**  di«ease  of,  107 

^^1 

Latent  period.  24                                             i 

MeduUafj  sheath,  62 

^H 

lAteml  Arteries  of  cord,  227 

M«mbr»nes  of  cord,  diseHSO^  of,  199,  308 

^H 

—  eolmne  of  oord,  201 

tutooum  of,  607,  609,  616,  619 

^H 

—  «iir^fttare,  ijmptom*  of»  S(J7  (*•#  Lor- 

Meaingenl    hHemorTlmge  and   meningitiit 

^H 

do«ii) 

820 

^H 

-^  ham,  205 

MeniD^ltlo  ttnak,  818,  618 

^H 

—  lltQitmg  kyer.  207,  210,  221 

Meningitis  and  hiBtnatoniyelia,  320 

^H 

—  icleroaii,  primftry.  489 

—  and  primary  latoral  sclerosis,  3>28 

^H 

—  tniet«,  207,  209,  492 

—  and  f heumatism,  320 

^H 

Lfttbjriitiij  a? 

-•  and  tetanus,  320 

^H 

lAtisiimoB  doni  in  pgeudo-hypertzoplij. 

—  spinal,  309 

^H 

580 

^  —  eitarnal,  809 

^^1 

LaatflrmanTi,  ind^ntjitioiii  of,  68 

—  —  intern  Hi,  313 

^H 

Lead  palsy,  diatribiitiou  in,  161 

—  —  — .  acute,  313 

^^1 

Leg,  centre  fi^r,  232 

chroniu,  S22 

^H 

—  di^eaae  of  iiorvcs  of,  114 

Meniflfocele,  660 

^H 

—  motor  points  of,  46,  48, 48 

Ueniogo-myeHtis,  313.  884 

^H 

—  m nicies  of,  45 

Meolngo»myelocele,  650 

^^1 

LeproBjr,  mniBsthi'tic,  192,  194 

Ueuttruation  and  myelitis,  846 

^^1 

mutilaiioDii  in.  196 

Mental  distress  in  cord  disease,  277 

^^H 

li€proa«  neiintiB^  192 

Hetameree,  199 

^H 

LeptomenbgUis,  301* 

Mictorition^  mechaniAm  of,  247 

^H 

—  chronic,  323 

Middle  form  of  reaction,  32,  39S 

^^1 

L«urocyt1iiemia,  nervefli  in,  6$ 

Mixed  reaction,  32,  S93 

^H 

Levator  unguU  sciiptilje,  35 

Morphia  in  neuritis,  89 

^H 

Lightning  pains,  448,  451 

1  Morvan's  disease,  646 

^H 

Limb,  lowur,  nerve*  of,  14 

—^  —  and  Ita)  naud'B  disease,  647 

^^1 

^  ^^  pHraljsia  of,  114 

^  ^  neuritis  in,  ^47 

^^1 

—  uppvr,  nerves  (if,  98 

—  —  lanBibility  in,  646 

^^1 

paraljaJs  of,  tOO 

Motor  conduction  ttt  cord,  228 

^H 

Lipoma  of  cord,  C08 

*—  over-action,  266 

^^1 

Liponifttoui  ihUHtular  n trophy,  B67 

—  path.  213,  228 

^H 

Lissaaer's  truct,  221,  225,  226,  46d 

—  pointa  for  arm,  88.  39 

^H 

Live  fle«]i,  9 

for  leg,  46,  48,  49 

^H 

Loealijiation  of  function  in  cord,  2S0 

—  •egments,  di  jeaie  of ,  254 

^H 

Locomot'jr  ataxy  (t§e  rubes),  444 

—  —  npper  and  lower^  213,  2M 

^H 

Lordosis  in  Friedreich'*  disease,  523 

—  ■jmptoms,  8 

^H 

^  in  iiijopathic  mnscnlar  litrophy,  588 

—  ^  in  eord  disease,  264 

^H 

^  Id  progressive  muteiilHr  atropliy,  639 

L 

—  —  In  tabes,  4i9 

j^m^ 
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HoTement,  «o-oi4inftttoB  €t,l(K  Ml 

—  dixeetion  of»  11 

—  ineo-ordiimftioB  of^  10^  167 

—  tpontaneoniy  11, 460 
Moveioeati,  ropitonlitfott  of»  ifr^Ofi,  ISO 
Hnltiple  nenriti«i  188 

—  neuroma,  91^  600 
^  tamourt  of  oof^  OSl 

—  —  of  nerve-roott,  621 

and  tabei,  621 

Ma>rIeipindlM,16,«71 
Muscle-reflex  action,  20 

—  centrei«240 
Mascleg,  aotion  and  para^yrii  d!t  28 

—  antergio.  aotion  of,  10 
»-  changes  in,  20 
-^  — >  In  neniitii,  168 
— ,  —  leoondary  to  nenre  lealoBf  TO 

—  contra-laterml,  84 

—  fattj  degeneration  of,  646 

—  in  peripberal  neoritii^  70^  288 

—  natrition  of,  244 

—  nutritive  changes  In,  70 
^  peripheral  guidance  of,  11 
-—  reflex  action,  20 

—  sensor  J  nerres  of,  17, 28 
-—  synergic  action  of^  10 

—  vitreous,  70,  546 
Muscular  anesthesia  in  tabei^  484 

—  » trophy,  arthritic^  559 

chronic  spinal,  581 

facial  type,  665,  587 

family  form  in  children  wttk  fplnal 

lesion,  597 

—  —  from  over-use,  568 

—  —  idiopathic,  583 

in  lead,  161,  584 

in  tahes,  466 

Landouzy-Dejerine  typo,  688 

peroneal  type,  534,  593 

—  contraction,  paradoxical,  27 

—  dystropliies,  563 

—  exertion,  excessive,  and  cord  diseas«> 

278 

—  hypertrophy,  578,  599 

—  sense,  16,  18,  237,  259 

—  sensibility,  16 

test  lor,  18 

Mu'culo-cutaneous  nerve,  104 
Musculo-spiral,  104 
Myelin,  62,  68 

Myelitis,  acute,  344 


Myetltli  and  aTeoholitrn,  847 

—  and  cold,  846 

—  and  feven,  846 

^-^  and  gonorrhfRi,  S47 

—  and  goat,  380,  660 

-^  and  hystfriciil  paraljits,  371 

—  and  iiijory^  846 

—  And  LintlTj'i  p&ralyfk,  371 

—  and  meningitis,  $£0,  372 

—  and  nieDstroaliion,  345 

—  and  multiple  neuritis,  372 
— -  atid  muicuUr  aetion,  345 

—  and  organiima,  846, 847 

-»  and  pMipheral  Irritation,  84V 

—  and  amallpo,  847 

—  and  eypbUit,  847, 880l  884 

—  aad  ksio  blood-statei,  848, 888 

—  oeutral,  856,  866, 870 

—  ehronie^  878 

—  —  annvhr,  889 

—  oompresaion,  276, 868, 881 

—  difl'uae,  844 

—  disseminated,  861,  868, 886,  870^  90% 

—  fooal,866 

—  girdle-pain  In,  860 

—  hamorrliagicb  848,  860,  888 

—  parend^ymatous,  868 

—  reflexes  in,  860 

—  sclerotio,  868 

—  ppliinctera  in,  861 

—  transrerse,  866,  878 

—  tiophic  changes  in,  862 
Myolipoma  of  cord,  580,  608 
Myopathic  atrophy,  608 

face,  665,  587 

Myopathien,  Erb's  juvenile,  664 

—  idiopathic,  583 

—  Landouzy-Dejerineb  666 
Myosis,  spinal,  266,  466 
Myositis,  168, 185 
MyoUtic  contractions,  26, 288 

—  irritability,  19,  288 

in  arthritic  atrophy,  680 

Myotonia  congenita,  601 
Myxo-flbrouia,  91 
Myxoma  in  nerrea,  90,  91 
MyxomaU  of  cord,  609,  618 


Nails  in  ayringomyelia,  641 
Kaasen's  researches^  68 


ISDEZ. 
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RiphnlgfoefiMi^Ml 
H«(T«b  aatcrior  cmiml,  lU 

—  —  relation  of,  to  aarroii*  87 
^  dreomilBX,  106 

—  ondingt,  eb«DgM  ia^  6^ 
^  onergj,  66 

—  flbnt.  f  unetKMM  o^  64 
fixes  of,  207 

^  roreOy  gemTAtioa  oft  6T 

—  ImpolM^  witaro  o^  61 

—  inllAiniiuition,  82 

—  injorj  and  dtgenemtion^  Tl^tt 
— >  lesioni^  76^76 

»  median,  107 

106 
106 

—  obtuTator,  116 

—  plimli^96 

—  planter*  117 

^  posterior  thninrfin,  1€1 

—  poplite  •!,  117 

—  tciatie,  116 

—  snperior  glateal,  116 
^  inpra-icapalarf  106 

—  ulnar*  108 
Henre-root^  oenrical,  96 

—  dorsal,  90 

—  Inmber,  114 
Kenre-itretching  !n  ttAn^  486 
Nerreib  bolboat,  93 — 95 

—  eompretiion  of.  80 
~  diMMM  of,  62 

— >  growths  in,  90 

«-  infismmation  of,  86 

—  irritation  of.  In  eariei^  286 

—  lesions  of,  66 

«-  of  arm,  combined  palsies  of,  110 
•»  of  lower  limb,  114 
~-  of  upper  limb.  68 

—  pbysiology  of,  68 

—  regeneration  of,  66,  69 

—  sclerosis  of,  64 

—  secondary  degeneration  of,  65^  66 
-*  special;  diseases  of,  98 

N'erTi  nervomm,  63 

Nenroos   system,  diseases   primary  and 

ieeondary,  8 
—»  ^  Innoiion*  7 

—  -»  general  oon^Utntion  of,  68 
Nervoasness,  660 


Hevnlglt^latoraoslil  Mii  spintl  fitwtH 

602 
Komrastbenia,  668 
Kaorilemma,  62 
Nonritio  mosonlar  alrop^,  664  N6^  607 

(see  Peroneal  fbcm). 
Kenritis,82 

—  adventitial,  88 

—  after  aente  4issass%  M 
i^Mi%80 

—  aloobolie,  150 

—  and  atrophia  paralytisb  416 
~  and  andartaritisb  152 

~  and  gont,  137, 1«7 
--  and  hysteria,  176 
-*  and  inflammation,  4 
^-  and  myelitis^  871 

—  and  pacfeqrB«BUi6'^  174 
•»  and  poliomyelitis,  174 
^andtebi«*166,4U 

<—  ataxic  form.  1&8 

—  atheromatoas»  161 

—  brachial,  119 

—  oanoerons,  82  • 

—  ehronie,  85 
nl^mirifitiniB  nt  144 

—  emral,  188 

—  degenerative  144 

—  diabetic,  144^  160 
^  difP ose,  84 

—  disseminated,  84 

—  andemie,  185 

—  faoeia^l66 

—  Ibcal  or  disstminata^  84 

—  gonorrbosal,  146 

—  herpetic,  196 

^  idiopatliie,  14Q,  151 

—  ineo^ordlMMrwiK  168 

•<-  in  infantile  paia^il^  400,  414 

—  in  leprosy,  192 

~  in  leuoocythnmia,  85 

—  in  Morvan's  dissa«e,  647 
— -  in  peroneal  atrophy,  605 

—  isolated.  In  acote  disease^  88 

—  lipomatons,  85 

—  malarial,  185 

—  memory  in,  162 

—  migrans,  67, 82,  86 

—  motor  form,  158 

—  multiple,  82,  13S 

—  —  complicatioDS,  166 

—  —  courie,  161 


^^V       686                                                                                         ^^^^^1 

^^^^B            Kenrltfi,  mnUipIe,  dlsgnosU,  179 

N«?uron,  apino*mufea1ar,  SIS                               ^^M 

^^^^B pAthologieitl  &naioiaj»  164 

Neuropathic  diaposition  in  eord  dTaw^jy flf        ^H 

^^^^H             —  —  pittholngry,  169 

Neuropil  em  a,  64                                                         ^^M 

^^^^^B             ' progno«i8,  178 

NeurotDl>«»,  176.  448  (m«  PModo^tete)          ^M 

^^^^H           — ^  —  tympuxma,  1&3 

Nodea  of  Ranvter,  6S                                              ^H 

^^^^H           •"  —  treat  meat,  161 

Nuclei,  intt^rnodal,  68                                           ^H 

^^^^H           —  n«Ar  bedsoreB,  f]8, 83 

Nu4'leu<»  cuneatna.  219                                         ^^M 

^^^^H           —  njstagiDtii  in,  157 

—  function  of,  59                                                ^H 

^^^^H           ^  oeu9ar  movementt  Id,  1S6 

—  gnioilia,  216,  219                                               ^M 

^^^^H           ^  Dp  tic,  ill  at&iic  paraplegia,  606 

—  poat-pyramidal,  219                                       ^H 

^^^^^K            -^  -^  in  chloroiiia,  841 

NtitritioD,  changea  in,  127,  277                          ^^| 

^^^H            -In  cord  diaeaae,  269 

—  iiiflacnce  on,  of  cord,  244                                         j 

^^^^H            _  ^-  111  multiple  Qeoritia^  168 

Nutritional  diseai^,  1                                                  1 

^^^H in  uiyelitii,  362 

of  eord.  2.  664.  668                                         J 

^^^^B            -»  4*]^ani«iuitl,  140 

Nutriiire  rhHnges  in  moaclea^  70                         ^H 

^^^^H            —  pain  in,  154 

in  i<kiu,  28                                                ^H 

^^^^H            ^  parenc1i;matoLii,  82,  S4 

Njstagmoa  iti  ataxic  paraplegia,  606                 ^^M 

^^^H            •—  peripheral,  1^8  (#M  MuUipIfl), 

—  in  Friedreich't  disease,  5:^1                           ^^M 

^^^^H           —  proliferative^  85 

—  in  multiply  Denritis,  157                                    ^^M 

^^^^^B           —  paychifuil  ajiiiptoma  ia«  16fl 

—  in  progreaaive  muBcular  atrophy*  Ml           ^H 

^^^B           _  radicular,  119,  303 

—  in  Bpaitio  paraplegia,  486                                ^H 

^^^1           ^  rlieumatio,  82, 146, 140 

—  in  Byringomyelia,  648                                    ^H 

^^^1 

^^1 

^^^^H           <—  Bonsor;  forni,  15S 

H 

^^^^H           —  •epticemior  146,  148 
^^^H           —  apinal  cord  affe«tioQ  In,  168tllf 

Obf^tHcal  paralyili,  118                                   ^| 

^^^1           _  BjphiUtio,  85, 146 

ObturHtor  tntemue,.  46                                           ^^M 

^^^^H           ^  toDifue  in,  156 

—  nerve  parat^atSp  116                                         ^H 

^^^^^H           —  toigemic,  144 

Ocular  ivmptoma  in  ti^tbet,  466                            ^H 

^^^^^H           —  toxJ«,  144 

(Edema,  Taio-inotor,  618                                      ^^H 

^^^^^H           ^  tr«<ituieiit,  88 

Operation  for  tumour,  626                                   ^^M 

^^^^^P           —  tremor  in,  156 

Ophthalmopkgta,  457                                              ^H 

^^^^           ^  trophic  cbaiigea  in,  160^  ITS 

Opponent  ppllicia,  44                                            ^^^ 

^^P                      <—  tubercular,  147 

Optic  atropliy,  457                                                  ^H 

^^                      —  varietiet  of,  82,  144 

^-<'  —  in  ataxic  pamplegla,  806                           ^^M 

•»  vocal  cordm  in,,  156 

In  family  apuitio  parmly^  608               ^H 

NenrO'flbroitia,  93 

Optic  neund«  In  cblorotia,  841                          ^H 

Neuroglia,  dwelopment  of,  6S0 

^^  —  in  multiple  neorltia,  168                          ^^M 

—  structure  of,  57,  201 

in  myelitis,  862                                           ^H 

NeiirolceraliQ,  62,  £02 

Organlo  dtaease  of  cord,  1                                  ^^| 

Nenroina,  90 

OTfr'tnitmal  neuritis,  146                                     ^^M 

—  amputation,  9Z,  9$ 

—  aroyelintc,  90 

—  fnlae,  90 

OrganiBma  in  beri-beri,  186                                  ^^^ 
«—  b  mjelitia,  346,  347                                       ^H 

Oral  field  of  Fleohaig,  218                                  ^H 

—  multiple,  92,  609 

—  myelinic,  90 

Drerflow  inoontioenee,  246,  861                        ^H 

Orer-nMb  mmcakr  atropbj  from,  668             ^^M 

*»  of  iierve^roota,  544 

^1 

^  pleiiform,  91. 98, 94.  96 

Neurom  a todea  « 1  epli  an  tia^  9i 

pMhjtneDlngitii.  174,  809, 666                         ^M 

Ni^^iirotayoaitiM,  134 

—  and  progreaaite  maictilnr  otropfaj,  666              1 

Nt'urota,  5C» 

.^  oerrical  liypertropiiic,  826,  623                     _^J 

—-  cerebro'ipinal,  21t 

1^  eerriaal,  and  ■jrittgomyelia*  644                  ^^M 

^^y                                INDEX.             ^^^f     es?         ^M 

^Hp           Pa(  hjr menin pt tft,  chroni o,  d22 

PerioeuritiB,  82,  88                                                          ^H 

^^            ^  eitemalj  309 

Perinenrinm,  63                                                                ^^H 

—  internal  hiBtnorrhagic,  809 

P^Tiodic  parslyaifl,  598                                                      ^H 

Pain,  conduction  of,  la  cordp  238 

Peripachyineuingitia,  309                                            ^^H 

—  In  cord  diseases,  260,  393 

Peripheral  arteries  of  cord,  227                                      ^^M 

—  —  tuTOcmrt,  393,  615 

~  nervei  In  Uhea,  473.  480                                          ^^M 

^  ieniibilitj  tow  16*  336 

-^  neuritis.  133  iae«  Neuritis).                                      ^^M 

—  ^ —  in  lyringotayeliiii,  641 

Peroneal  norve,  paralvHis  of,  117                                    ^^^| 

Paini,  «i ceil  trio  rndUting,  2G0 

—  type  of  atropliy,  liSi,  5<.i3                                         ^^H 

Fulmar  fascia*  coiilruotiora  of,  41 

coinbined  vvitb  idiopatliic,  697                            ^^H 

Paliy,  Erb'a  type  of,  11%,  666 

Peraneus  lungui  rntiscle,  60,  233                                   ^^^H 

—  inffttitile,  30Q 

—  Ijrevis  uiosole,  62                                                      ^^H 

Paradox  icftl  mitftcnlftr  oontraotion^  87 

Phrenic  nerve,  diseases  of,  33,  96,  97                             ^^| 

ParsBstheBia,  16 

Phthisis  and  periphern]  neuritis  168                             ^^| 

Piiraljsia  and  paresii,  t 

Plantar  nerves,  diseases  of.  117                                     ^^| 

^  ■cute  Ascending,  371,  427 

—  —  rvflcx.  20                                                                ^^M 

—  afitana,  trumor  In,  12 

Plexifonn  netirotna,  91.  93,  94»  99                              ^H 

—  ft  trophic  aptnfil,  335,  424 

Plexus,  luinhar,  114,  116                                                 ^H 

<—  essential,  of  cbildren,  396 

—  sacrMl.  U^^.  116                                                          ^H 

—  froin  lei*ened  pressor*,  45S 

Politt-myelitii,  396                                                         ^^M 

—  Ififantile,  396 

^-  elironio  And  atibacuto,  3-i3»  386,  424                        ^^H 

eJe  Ctrl  city  in,  421 

PnlyiBBthesia,  14,  463                                                          ^H 

nearitii  in,  400,414 

Polymyositis,  acute,  180                                                     ^^H 

—  of  muscles^  33 

PolyoeuntK  82,  13d.  178                                              ^H 

—  periodic,  698 

—  eepticGBinio,  140.  148                                                   ^^M 

—  pseudohjpertTopbic,  664|  567 

—  tubercnlrtT,  147                                                            ^^H 

Ptfunoyototie,  ataiic,  606 

Pi  1  pi i teal  nervett,  diseases  of,  117                                    ^^B 

^  oongeiiiul,  605 

Popliteot  muicte,  48                                                       ^^^ 

Para|i1e^i>t,  253 

Pobt- pyramidal  nucleus,  219                                            ^^H 

—  fttaxiLvSOa 

Posterior  central  artt  ry,  227                                         ^^| 

iind  meningitis,  831 

^  coltiran,  function  of,  215                                          ^^^H 

^—  cTilorolic.  341                                                1 

—  cor  null  artery,  227                                                    ^^H 

—  congenital  i  pas  lie,  496 

•^  ground  fibres,  207                                                          ^^^B 

^  dol<iro*m  261,  301 

—  intennedtate  ieptam,  20O                                         ^^H 

—  hereditary  »pa«tic,  608 

—  kteral  arttriei,  227                                                     ^^H 

•^  priinary  ipsstic.  489 

—  medial  artery,  227                                                       ^H 

—  —  —  and  ataxic,  499 

—  median  column,  200                                                      ^^H 

frtuiily  form,  603 

septum,  200                                                          ^^M 

infiititile  form,  496 

—  nerve-roots  In  tabes,  472                                        ^^H 

^  simple  Bnu'ile,  630 

«  pyramid  of  medulla,  219                                             ^^H 

Pftrsaitio  fcuinourt  of  cord,  608,  609 

—  radicular  tirtery.  227                                                  ^^H 

Farflnchymatous  inflummaUon,  4^  274 

•  root  flbres,  207.  225                                                  ^H 

—  myelitis,  366 

~~  -^  ^ue.  200                                                              ^^M 

^  neuritis.  82,  84 

—  spinal  v^in.  227                                                           ^^^H 

Paresii,  9 

—  tiioriicio  nerve,  101                                                    ^^H 

Pathological  diagnosis  of  cord  dlieMe,274 

-^  vesioolar  tract;  in  tMbci.  206,  471                             ^^M 

Puthology  and  etiology  of  oord dueBi«,  274 

Postero- external  oolomu,  200,  215,  319                         ^^H 

Pectineni  muicle,  47 

Pusterouiediau  eoluntn.  200,  ^07,  215                            ^^H 

PectonJis  major,  87 

Posture,  adaptation  to,  241                                                ^^H 

PeUagTa,611 

—  loss  of  sense  of,  18,  237,  259,  454                            ^H 

pelvic  outflow.  218 

Pott's  difiease.  2dli                                                                  ^^M 

pcrimeinngitis,  309 

I 

Power,  measure uivMt  of,  9                                               ^^^| 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H^^^^^ 

^^^T            68^                                                     INDEX.                                        ^^^^^^^H 

^^H              Pre««nre  myelitis  276, 863, 891 

RanTier,  noda*  of,  63                    ^^^^^^H 

^^^^B             —  lense  oF, 

Reaction,  normal,  78                         ^^^^^^^B 

^^H              P^spUm, 

—  of  d^generatioii,  81,  82»  71                         ^^ 

^^^H              Prlmiir;  bematoniyeHfl,  437 

—  —  in  infiutile  pulsj,  403                            ^^ 

^^^B              —  Ifttenbl  sclerotw,  48i» 

mixed  foi-m,  32.  898 

^^^^B              —  ^  Atid  getivral  par&ljrsUy  407 

ttectal  ciiaea.  462 

^^^H                _  »  ^d  byeteriii.  &01 

Rectum,  centre  J'or»  245 

^^H              iof  AKtile,  495 

Rectna  femoiia,  47                                                      ' 

^^^B              —  spaitiq  pamplegift,  489 

Bedeouiaation  in  cord,  211                                         1 

^^^^1               f»niUy  form^  608 

lied  aofteningr  of  cord,  348 

^^^H              —  ^ infantile,  496 

Reflex  aetiao,  19.  2J»tt,  240«  252,  268 

^^^^1               Priinitive  CAnn!  of  eord,  629 

cutaneouB,  19 

^^H              ^  fibrils,  56,  66.  63 

-^  —  in  n«rve  injury,  79 

^^H              . 

—  -^  mnteukr,  20 

^^^H               PrugroMive  maseulftr  atrophy,  581 

—  —  two  Itinda  of,  in  oord^  888 

^^^^H                o* and  pachjmenin^itii,  656 

-  .re,  19,  230 

^^^H               —  —  -»  nnd  8ynagoiiiy«Uay  660 

~  centn^,  19,  239 

^^^H               ^ and  Uib«fl,  406 

—  paralyai^  666 

^^^H              Fronaton,  40 

—  apum,  264 

^^^^H              —  Qerve  ocntre«  for.  289 

lU6exesdeep«20 

^^H              Fi<it»patlU«  progreauve  miuoiiUr  Atrophy. 

—  itiperlicial,  10 

^^B 

-^  ^-  Iwtent  period  of,  24 

^^^H              Protoplastnio  prooenM,  66 

Begt^nerttbiou  ol  ttbrea  in  cord,  360 

^^^B              Fiaado-liypei'tropbio  paraljaii,  664, 867 

—  of  nervea,  60 

^^^^1              —  —  mode  of  riaing  iii«  678 

Kegresaive  period  in  infuntik  pnUy,  40d 

^^^^1               ^  —  varietiea  of,  576 

Reinforc«iuent»  ZI 

^^H               -^  Ubea^  169,  178,  176.  372»  481 

Hflpreaeniatioii  of  raovemeuU  in  cord*  284^ 

^^^H               PsoAa  DQuaek,  46,  282 

Eeaiatauca  in  uerve  pheiMnnt.-n«,  64 

^^^H              ¥Umm  In  Ube^  466 

E^ialiug  power,  deticiency  in^  6 

^^^m              Pal»e  in  tabea^  468 

Eeticular  f urmatiom,  lateral,  808 

^^^B              Pupil  in  cord  diacMM^  266 

—  —  poaterior,  203 

^^^H               —  m  royclitia,  362 

Bheumatio  neiiritia,  82, 187»  145 

^^^              PjwinidAl  flbroa,  207,  200.  210,  266 

Eheumnttfim  of  durud  miwcJea,  380 

^K                     —  —  mode  af  cndini^  in  oord,  212 

Kbomboidi,  36 

^H                       *^  traoti  in  pragreaaive  muscoljikr  Atrophy, 

Rigidity,  cioap- knife.  265,  498 

^                               660 

—  in  cord  di»eaaea,  256 

ryreii*  in  «ord  diieue,  868 

—  lu  progrti«*iv«  uiuacular  atrophy,  541. 

Fyriforuiii  mtiflcle*  46 

Holaudo,  grt^y  subatAuce  of^  206 

Bomberg*B  symptom*  449 

Q 

B(K»t  paIiib,  260 

Qoadratai  femorti  intiada^  46 

^^  ayinpioma  in  oomprt^aaioD,  808 

Quifcdriceps,  47 

—  xone,200 

— *  centre  lor,  232 

Bcot-fibre»,  came  of,  224 

Qiialilative  changei  in  bprltabllity,  78 

Ronta,  anterior,  224 

Quftutit&tive  chutigea  in  IrritAbllttjj,  73 

—  diatri button  of.  225 

B 
Baclital^  260 

^  poAterior^  £26 

Budijittng  paioj,  260 

6 

Kadioa)»r  neariUs  11%  808 

S&cru!  plexus,  diieoaea  of,  114^  11$ 

RailwAy  cpiim,  661 

Sartor ina  mnade,  282 

BAmoQyCAJnl.&d 

Bcnpular  moaclea,  34.  231 
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Sehmldtk  Inddon  of,  68 
Scliultte,  Max.  obsenriiti«>n  of,  55 
Schwann,  white  tabttMioe  ot,  68 

—  shMiih  of,  68 
8daticft»123 

Sciatic  nenre,  diwase  of,  116 

Sderodactvla.  647 

Scleroflit,  amyotropbie  lateral,  681 

—  annular,  888 

—  combined  lateral  and  posterior,  608 
~  focal,  886 

—  from  anainia,  &e.,  518 

—  from  pellagra,  511 

—  from  tozie  blood-etatet,  511 

—  in  chronio  mnecnlar  atrophy,  660 

—  ingular,  4^  275 

—  lateral,  and  meningitia,  828, 489 

—  secondiiry,  4 
Sclerotic  m\eliti»,  886 

Secondary  degeneration  of  cord,  206^  210, 

815 
ascending,  808, 215 

—  —  descending,.  208, 210 

—  —  of  nerves,  65 

—  tabes,  418   ' 
Semimembranoens,  47 
Semitendinoena,  47 
Sensation,  localisation  of,  18 

—  path  of,  283 

—  rhythmical  recurrence,  468 
Senvatious,  spoutaneona,  261 
Sense,  moscolar*  16 

—  of  pain,  16 

—  tai-tile,  18 

—  tempemture,  15 
SeiiHibility,  roodea  of  teatlng;,  18 

—  modifications  of,  14 

—  uiascular,  287 

—  recurrent,  78 

—  tactile,  18,  236,  288 

—  to  electricity,  15 

—  to  pain,  16,  236 

—  to  temperature,  15,  287 
Sensitiveness,  increased,  269 
Sensory  conduction  in  cord,  233 

—  symptoms,  13,  78,  268 

—  —  in  nerve  legions,  78 

in  tabes,  460 

Septicsmia  in  cord  diseases  277 
Septicsmic  polyneuritis,  146 
Septomarginal  tract,  218,  280 
8eptum,  posterior  intermediate,  200,  215 
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Septum,  posterior  median,  200 
Serratni  magnns,  86, 102,  281 

nerve  to,  101 

Sexual  f nnetione,  centre  for,  248 

—  power  in  nutritional  disease,  ($70 
in  tabes,  464 

In  tranmatio  lesions,  662 

Sheath,  primitive,  68 

Shoulder  dislocation,  palsy  of  nerves  In,  1 11 

—  fracture,  111 

—  muscles  moving  the,  84 
Skin,  gloesy*  28 

—  nutrition  of,  28,  245,  266 

—  repreaentation  in  cord,  250,  251 
Sleep  palsies,  101 

Softening  of  oord,  848 

red,  848 

wh.te,  848 

yellow,  348 

SoleuH  muade,  48 
Spasm,  11 

—  clonic,  11,  266 

•—  in  oord  disease,  256 

—  in  meningitis,  317 

—  in  progressive  muscular  atrophy,  541 

—  reflex,  264 

—  tetanic,  18 

—  tonic,  11,  265 

Spastic  paraly-in,  family  form,  506 

—  paraplegia,  conirenital,  406 
in  carit^,  291 

—  —  primary,  489 
Special  senses,  nature  of,  61 
Sphincter  ani,  centre  for,  245 
Sphinctera  in  neuritis,  161 

—  in  tabes.  448,  458 

—  paralysis  of,  245—247.  867 
Spider-cells,  201,  351 

Spina  bifida,  647 

—  —  arthropathy  in,  668 
-»  —  deformities  in,  658 
occulta,  647 

trophic  changes  in,  662 

Spinal  column,  growths  in,  299 

—  cord,  abscess  of,  377 
ansemia  of,  839,  518 

—  —  anatomy  of,  200 

—  —  blood-supply  of,  226 

—  —  compression  of,  890 

degeneration  of,  442 

diseases  of,  199,  889 

—  —  embolism,  877 

44 
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Spinnl  cord,  fanrtion«  of,  888 

•: hemorrhage  into,  487 

^  —  hypcmmia  of,  342 

_  .  inflHiiimation  of.  842  («M  M;«lltii) 

—  —  Mftening  at,  875«  848 

—  ^  itniotiire  of,  200 

—  —  symptomt  of  dUseaae  of,  868 

—  cnrTstare  in  idiopathic  atropliy,  &3S 
in  infantile  p«lty»  408 

in  progMMiye  moicnlar   vtropby, 

688 
in  paendo-hypertroplqr*  ^7h 

—  epilepey,  866 

—  hemiplegia,  878 

—  inritation,  296,  680 

—  tiiemhranet,  199 

—  meningeal  hemorrhage^  880 

—  meningitis,  809 

—  mascnlar  atrophy,  681 

—  pamlynie,  acute  atrophic,  896 
— •  —  rabacate,  chronic,  484 
Spindles,  muscle,  16,  671 

Sp  ne,  caries  of,  286 

—  eoncuuion  of,  6S8 

—  diseases  of,  281 

•^  —  of  articulations  of,  807 

—  dislocation  of,  281 

—  fracture,  282 

—  gunshot  wounds  of,  658 

—  injuries  of,  281 

—  syphilitic  diseases  of,  306 

—  tumours  of,  299 
Spiiio-muscular  motor  s^ment,  818 
Spougioplasm,  66,  60 

Spongy  grey  snbstunce,  208 

—  zone,  207 

Spontaneous  moreraents,  11 
in  tabes,  450 

—  sensations,  261 
SternO'inastoicl,  34 
Stretching  nerves  in  tabes,  489 
structural  diseases,  2,  277 
Str^-cbuia  in  muscular  atrophy,  667 
Subscapularis,  87 

Supiiiiitor  breris,  40 

—  longus,  39 
Supinators,  231 

—  in  idiopathic  atrophy,  680 
Supra«scapular  uene,  102 
Supra-spinatus,  87 
.Suspension  in  tabes,  489 
Symptoms,  combination  of,  260 


SjinptDmn  Id  cord  diteaitf,  £68 
mental.  8 

—  mode  of  inrefctigation,  7 

—  inot«n  8,  25* 

—  senjory^  13,  78,  268 
Synergic  coatmcttoiu  tO 

SyphtUs  and   spinal  dcgcnaratioa%  878^ 

647,  380,  884 
*^  and  injury  to  cord,  658 
'^  and  tAbt^flj,  44ti 

—  In  Landry's  pnralyi^B,  481 

—  in  progre«siTe  ixm«cal*t'  atfojiby*  684 
Sypbilltic  »rieai  305 

— '  dis¥af«ea  of  card,  S?8 

—  menlngitist  380 

—  neuritis,  14tj 
Syphiloiiiata  of  cord,  614 
Syringomyelia,  628 

—  and  rerviiirtl  i»cUym«niifgitts#044 

—  mud  biuninrrlifti?^,  644 
~-  and  Injuries,  630 

—  and  leprous  nenrtiisp  106^047 

—  and  meningitis^  331 

—  and  myelitit,  384 

^  and  progi*s*iv^e  tnas^^lap  att^v^f*  ***^ 
644 

—  and  tumour^  610.  613,  ^U  844 

—  Charcot's  joint  in,  643 
^  motor  nympioms  tn.  648 

—  inniculiir  atrophy  in,  648 

—  opvrution  in,  645 

—  pain  lensc  in,  23*.  260.  640 

—  t«r»iing  ta«  G48 

—  tfniperatnro  ienw  in,  234,  260,  640 
Sf  Hngo-mvelocele,  660 

System  diflQa«o»,  253,  254,  274,  443 


Tabes  dor«aU«,  444 
and  alcoholism.  448 

—  —  and  ataiic  ptraplegi*.  46$ 
'^  ~~  and  rerebetl«r  tumour*  488 
•*  —  and  ooueaasion,  447 

—  —  and  diphtberitio  paralysip*  488 
^  mud  disease  of  posterior  roota,  478 

(foot-note) 
^ and  general  paralysia,  448 

—  ^~  and  injcUtift,  448 
and  neuritis,  481 

—  —  nnd  aoft  iores»  447 

—  ^  and  iypbiliik  466*  49t 
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Tkbes  doTMlli  and  tamoun  of  nenro-roots, 

478 
Cbarcot'tjointin,459 

—  —  congenital,  651 

eriMi»461,462 

deafness  in,  467 

—  —  electricity  in,  488 

—  —  eye  symptoma  in,  445 
heart  disease  in,  466 

—  —  lightning  paina  in,  448 

Lissaner'a  traet  in,  469 

motor  symptoms  in,  449 

ocular  symptoms  in,  445 

—  —  optic  atrophy  in,  467 

—  -^  pathological  anatomy  of,  467 
pathology  of,  474 

—  —  reflex  action  in,  464 

symptoms  in,  474 

aecondary,  448 

—  ~-  sensory  symptoms  in,  450 

—  —  sexual  power  in,  464 
sphincters  in,  448, 468 

—  —  suspension  in,  489 

truphic  and  vaso*motor  symptoms 

in,  459 

visceral  symptoms  in,  461 

Tabetic  foot,  461 

—  multiple  neuritis  448^  481 
~-  neuralgia,  481 

—  ptosis,  456 

Tache  spinale,  318,  618 
Tactile  sensibility,  286 
Talipes  calcaneus,  60 

—  in  infantile  palsy,  406 

—  in  pseudo-hypertrophy,  674 
~-  vulgns,  61 

—  varus,  61 

Temperature  sense  in  syringomyelia,  284, 
260 

path  of.  15,  237,  640 

Tendon-reflex,  so-called,  19— 21,  26 
Tensor  vaginas  feinoris,  46 
Teres  major,  37 

—  minor,  37 

Tetanus  and  meningitis,  820 

—  neonatorum,  334 
Tetany,  nocturnal,  666 
Thenar  muscles,  44,  45 

centre  for,  282 

Thigh,  adductors  of,  47 

—  motor  points,  46,  49 

—  rotators,  46 


Thomsen'a  disease^  601 

%ad  psendo*  hypertrophy,  576 

Thoracic  muscles,  38 
Thrilling  sensations,  15 
Thrombosis  in  cord  vessels,  276 
Thumb  muscles,  42 
nbialis  anticus,  50,  282 

—  posticus,  62 
Tie  and  tabes,  451 
Tingling  seu!>ations,  16,  81 
Toes,  muscles  moving,  62 
Tone,  muscular,  8, 12,  26 

Tonic  atrophy  of  muacles*  641,  568 

—  spasm,  11 

Torticollis,  muscles  afTeoted  in,  84 

Touch,  sensibility  to,  18 

Toxic  influences  in  Landry's  pnrHlysis,  432 

—  —  in  nervous  disease^  5. 277 
in  tabes,  6 

Tract,  antero-lateral  ascending,  20B 

—  —  descending,  216 

—  comma-shaped,  216,  219 

—  comu-commissural,  220 

—  direct  cerebellar,  207,  209,  220 

—  Ckjwers',  201,  208,  222,  470 

—  iutermedio-lateral,  206 

—  Lissauer's,  221, 226,  226 

—  septo-inarginal,  218,  820 
TracU,  pyrHinidul.  207,  209,  210^  255 
Transverse  lesione  of  cord,  264, 269,  271 
knee-jerk  in,  264 

—  myelitis,  866,  878 
Trapesius,  84 

Traumatic  lesions  of  cord,  652 

—  spinal  neuralgia,  660 
Tremor,  257 

—  contractions  in,  12 
Triceps,  37 

—  paralysis  of,  281 

Trophic  changes  in  myelitis,  862 
in  tabes,  469 

—  disorders,  28 

in  concussion,  665 

—  disturbance  in  cord  disease,  265 

—  nerves,  27,  28,  79 
Tubercula  dolorosa,  92,  95 
Tubercular  meningitis,  817 
--  polyneuritis,  147 

—  tumours  of  cord,  609,  619 
Tumours  of  cord,  299, 607 

Hnd  hysteria,  624 

and  membranes,  619,  622 
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Tuinonrt  of  eord,  mrgieal 

626 
—  of  spine,  299 
andcari6s«808 


of. 


Ulcer,  perforating,  469 ;  In  ^ina  biAd*, 

652 
Ulnar  nerve,  diseose  of,  108 
Ultimam  moriens,  686 
Unilateral  lesions  of  ooni,  236.  272 

sensibility  in,  235,  272 

Unipolar  cell,  57 

Upper  arm  type  of  pnlty,  407 

—  limb  moiolei,  84 ;  nervei,  98 
Urethral  crises,  462 

Uterine  disease  and  oord  di  senile,  800 

—  functions,  c<^ntre8  for,  248 


Vacnolation  of  cells,  851 
Vagus  in  peripheral  neuritis,  179 
Vascnlar  thickening  in  tabes,  471 
Vaso-motor  centres,  248»  265, 268 

—  disorders,  79 

in  tabes,  469 

Vast!  muscles,  47 
Veins  of  cord,  226 
VertebrsB,  erosion  of,  805 
Vertebrttl  arthritis,  807 

—  column,  diseases  of,  281 

—  —  aneurism,  erosion  by,  805 
growths,  299 


Vertehtal  edliraiii,  bydntida  «l,  806 

syphilitic  disease  of,  806 

fracture  oi;  288 

^  exostoses,  804 
Vesical  crises,  462 

—  control,  246 
Vessels  of  cord,  226 
Visceral  distorbance,  245,  287 

—  pains  in  tabes,  462, 461 
•^  aymptoms  in  tabes,  4^1 
Vitreoas  degenemtioB,  70, 646 
Vocal  cords  in  tabes,  468 
Voltaism  in  diagnosis,  80 


Waldeyer,  58 

Wallerian  degeneration,  65 

Wasting  palsy,  581 

Westphal's  symptom,  407 

White  commisBore  of  oord,  201«  228, 

»  softening,  848 

—  inbstanoe,  207 
Whitlows,  painless,  646 
Wrist  mnscles,  40 

—  —  eentie  for,  231,  282 


Tellow  softening,  848 


Zone,  spongy,  207 

Zygomatic  muscles  in  idiopathle  atrofk^B 
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Tyson^s  Practice  of  Mediq] 

A  TEXT-BOOK  FOR  PRACTITIONERS  AND  STUDENTS 
WITH  SPECIAL  REFERENCE  TO  DIAGNOSIS  AND  TREATMENT 


By  JAMES  TYSON,  MD, 

Pr»/tta»r  ^  Mtdieint  m  th*  Untvertity  of  Ptmiuytvaitia  :  Pkysici»m  /#  M#  VmimtrHIfy  mmd 


COLORED  PLATES  AND  125  OTHER  ILLUSTRATIONS 
Octavo.     J222  Pages.    Ooth,  $5,50 ;  Leather,  $6.50 ;  Half  Russia,  J7^ 


The  object  of  this  book  is — first,  to  aid  the  student  and  physiciaxi  to  recognize 
disease,  and,  second,  to  point  out  the  proper  methods  of  treatment.  To  this  end 
Diagnosis  and  Treatment  receive  special  attention,  while  pathology  ajid 
morbid  anatomy  have  such  consideration  as  is  demanded  by  their  importance  as  funda- 
mental conditions  of  a  thorough  understanding  of  disease.  Dr.  Tyson's  quali{icatioQs 
for  writing  such  a  work  are  unequaled.  It  is  really  the  outcome  of  over  thffty 
years'  experience  in  teaching  and  in  private  and  hospital  practice.  As  a 
teacher  he  has,  while  devotini^  himself  chiefly  to  clinical  medicine,  occupied  several 
important  chairs,  notably  those  of  General  Patholog^y  and  Morbid  Anatomy,  asd 
Clinical  Medicine  in  the  University  of  Pennsylvania,  an  experience  that  has  necessaiily 
widened  his  point  of  view  and  added  weight  to  his  judgment.  This,  the  Second, 
Edition  has  been  most  thoroughly  revised,  parts  have  been  rewritten,  new 
material  and  illustrations  have  been  added,  and  in  many  respects  it  may  be  consider^ 
a  new  book.  ^^| 

'•  It  is  in  the  writing  and  preparation  of  a  work  of  this  character  that  Dr.  Tyson  stands  pre- 
eminent. Those  of  the  professioo^ — and  there  are  many  a(  this  time — -who  have  bten  fortunate  to^ 
have  been  bis  pupils  during  their  medical  student  days,  will  remeniber  that  he  brought  to  his 
lectures  and  to  hii  writings  an  amount  of  industry  and  care  which  roany  other  teachers  failed  to 
bring  ;  and  those  who  know  him  best  as  an  author  and  teacher  have  expected  that  his  book  oo  the 
Practice  of  Medicine,  when  it  appeared,  would  be  a  credit  to  himself,  and  would  increase  his 
reputation  as  a  medical  author.   This  belief  has  proved  correct. '  * —  Therapeutk  Gaiette^  Deir^i^  Mirk, 

"  After  a  third  of  a  century  spetil  in  the  assiduous  study,  practice,  and  teaching  of  roedido*, 
and  the  publication  of  successful  books  on  various  topics,  theoretical  and  practical,  the  writing  of  i 
textbook  is  not  only  a  proper  ambition,  but  is  really  expected  by  students  and  the  profession,  .*vj 
Professor  Tyson  best  shows  his  modesty  by  making  no  apology  for  the  present  work." — Am^ruam 
Journal  of  Mtdual  Seiencti^  Pkitadelphia. 
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tables.  Cloth,  14.50 
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Vol.  n — Part  IIL  Terpenes,  Essential  Oils,  Resins,  Camphors,  Aromatic  Acids, 
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Vol.  Ill — Part  1.  Tannins,  Dyes,  Coloring  Matters,  and  Writing  Inks.  Third 
Edition,  Revised.  Rewritten,  and  Enlarged  by  f.  Merritt  Matthews,  Professor 
of  Chemistry  and  Dyeing  at  the  Philadelphia  Textile  School ;  Member  American 
Chemical  Society.  Cloth.  S4>So 

Vol.  Ill — Part  II.  The  Amines  and  Ammonium  Bases,  Hydrazines  and  Deriva- 
tives. Bases  from  Tar,  The  Antipyretics,  etc.  Vegetable  Alkaloids,  Tea, 
Coffee.  Cocoa,  Kola,  Cocaine,  Opium,  etc.    Second  Edition.    8vo.    Cloth,  $4.50 

Vol.  ill^ — Part  III.  Vegetable  Alkaloids  concluded,  Non-Basic  Vegetable  Bitter 
Principles.  Animal  Bases,  Aninml  Acids,  Cyanogen  and  its  Derivatives,  etc. 
Second  Edition.  Cloth,  I4.50 

Vol.  IV.  Proteids  and  Albuminous  Principles,  Proteoids  or  Albuminoids. 
Second  Edition,  with  elaborate  appendices  and  a  large  number  of  useful  tables. 

Cloth.  I4.50 

Bailey  and  Cady.     Chemical  Analysis, 

Laboratory  Guide  to  the  Study  of  Qualitative  Analysis.  By  E.  H.  S.  Bailey,  Pm.d., 
Professor  of  Chemistiy,  and  Hamilton  Cadv,  a,b.,  Assistant  Professor  of  Chemistry 
in  the  University  of  Kansas.     Fourth  Edition.  Cloth,  $1,25 

3-19-oa,  5 


P,  BLAKISTON'S  SON  &*  CO/S 


Ballou.     Veterinary  Anatomy  and  Physiology. 

By  Wm.  R,  Balloh,  M.u..  late  Professor  of  Equine  Anatomy,  New  York  College  c^f 
Veterinary  Surgeons,  With  29  Graphic  Illustrations*  i2mo.  Nff.  /^  fQuic-Cm' 
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Barrett.     Dental  Surgery 

for  General  Practitioners  and  Students  of  Medicine  and  Dentistry.  Exinicdoo  ftf 
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Professor  of  Chemistry  and  Toxicology  at  the  Long  Island  College  Hospital  ;  Dean 
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of  Health  of  Brooklyn,  N.  Y.  Fifth  Edition,  Revised  and  Improved.  With  Ulus- 
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Clinical  Chemistry. 

The  Chemical  Examination  of  the  Saliva,  Gastric  Juice,  Feces.  Milk,  Urine,  etc, 
with  Notes  on  Urinary  Diagnosis.  Volumetric  Analysis,  and  Weights  and  Meas- 
ures.    Illustrated.      i2mo.  Cloth,  flrOo 

Beale.     On  Slight  Ailments. 
Their  Nature  and   Treatment.      By  Lionel   S.   Bealr,  m>d.,  f.r.s.,   Professor  of 
Practice,  King's  Medical  College,  London.     Second  Edition.     8vo.         Cloth,  ls.25 

One  Hundred  Urinary  Deposits* 

Illustrations  on  eight  sheets.     Quarto.  Paper,  |2.oo 

Beasley's  Book  of  Prescriptions. 

Containing  over  3100  Prescriptions,  collected  from  the  Practice  of  the  most  EmineftI 
Physicians  and  Surgeons — Enghsh,  French,  and  American  ;  a  Compendious  History 
of  the  Materia  Medica,  Lists  of  the  Doses  of  all  Officinal  and  Established  Prepa- 
rations, and  an  Index  of  Diseases  and  their  Remedies.  By  Henry  Beaslby. 
Seventh  Edition.  Cloth,  |3.ca 

Druggists'  General  Receipt  Book. 
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B  Medicines,   Druggists'  Nostrums,  etc. ;    Perfumery  and  Cosmetics  ;    Beverages, 

H  Dietetic  Articles,  and  Condiments ;  Trade  Chemicals,  Scientific  Processes,  aiid 
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Pharmaceutical  Formulary 
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by  Clement  Biddle,  m.d.,  Assistant  Surgeon  U.  S.  Navy.  With  64  lilusttatiotrs 
and  a  Chnical  Index.     Octavo.  Cloth.  I4.00  ;  Sheep.  I5-00 
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ligelow.     Plain  Talks  on  Medical  Electricity  and  Batteries. 

With  a  Therapeutic  Index  and  a  Glossary.     By  Horatio  R.  Bigelow.  m.d.     With 
43  IllustTations  and  a  Glossary.     Second  Edition.  Cloth,  $ 


oo 
iirch.     Practical  Physiology. 

An  Elementar)'  Class-Book.  Including  Histology,  Chemical  and  Experimental 
Physiolog>'.  By  De  Burgh  Birch,  m.d.,  c.m..  f.r.s.e. .  IVofessor  of  Physiology  in 
the  Yorkshire  College  of  the  Victoria  University',  etc.    62  Illiis.     i2mo.    Cloth,  5i-75 

Bishop,     Uterine  Fibromyomata. 

Their  Pathology,  Diag^nosis,  and  Treatment.  By  E.  Stanmore  Bishop.  f.R.CS. 
(Eog.),  President  Manchester  Clinical  Society  ;  Fellow  British  Gynecological  Society. 
Full-page  Plates  and  oilier  Illustrations*     Octavo,  Cloth,  53.50 

Black.     Micro-Organisms. 

The  Formation  of  Poisons.  A  Biological  Study  of  the  Germ  Theory  of  Disease. 
By  G.  V.  Black,  M.D.,  D.D.S.  Cloth,  .75 

Blackburn.     Autopsies.     Illustrated. 

A  Manual  of  Autopsies,  Designed  for  the  Use  of  Hospitals  for  the  Insane  and  other 
Public  Institutions.  By  I.  W.  Blackburn,  m.d.,  Pathologist  to  the  Government 
Hospital  for  ihe  Insane.      Illustrated,  Clotli,  $1.25 

Bloxam,     Chemistry  {Inorganic  and  Organic). 

With  Experiments.  By  Charles  L.  Bj.oxam.  Edited  by  J,  M.  Thompson,  Pro- 
fessor of  Chemistry  in  King's  College,  London,  and  A.  G.  Bloxam.  Head  of  the 
Chemistry  Department.  Goldsmith's  Institute,  London.  Ninth  Edition,  Revised  and 
Enlarged.     281  Engravings.     8vo.  Preparing. 

Bracken.     Outlines  of  Materia  Medica  and  Pharmacology. 

By  H,  M.  Bracken,  Professor  of  Materia  Medica  and  Therapeutics  and  of  Clinical 
.Medicine,  University  of  Minnesota.      8vo.  Cloth,  I2.75 

BroomelK     Anatomy  and  Histology  of  the  Mouth  and  Teeth. 

By  Dr.  L  N.  Broomell,  Professor  of  Dental  Anatomy,  Dental  Histology,  and  Pros- 
thetic Technics  in  the  Pennsylvania  College  of  Dental  Surgery.  284  handsome 
Illustrations,  the  majority  of  which  are  original.     Large  Octavo.  Cloth,  $4.50 

Brown.     Medical  Diagnosis.     Fourth  Edition. 
A  Manual  of  Clinical  Methods.     By  J.  J,  Graham  Brown,  m.d..  f.r.c.P.,  Lecturer 
on   Principles  and   Practice  of  Medicine  in   the  School  of  Medicine  of  the   Royal 
Colleges,  Edinburgh.     Fourth  Edition.      112  lUystrations,      iimo.  Cluth,  $2.25 

Brubaker.     Compend  of  Physiology.     Tenth  Edition. 

A  Compend  of  Physiolog)',  specially  adapted  for  the  use  of  Students  and  Physicians. 
By  A.  P.  Brlibaker,  m.d..  Adjunct  Professor  of  Physiology  at  Jefferson  Medical 
College  ;  Professor  of  Physiolog>',  Pennsylvania  College  of  Dental  Surger>%  Philadel- 
phia. Tenth  Edition,  Revised,  Enlarged,  and  Illustrated.  No.  4  ?  Quiz-C&mpendf 
Series,      t2mo.  Cloth,  .80:  Interleaved,  jsi.oo 


Bulkley.     The  Skin  in  Health  and  Disease. 
By  L.  Duncan  Bulkley,  M.n      Illustrated. 


Cloth.  .40 


Bunge.     Physiologic  and  Pathologic  Chemistry. 

By  Dr.  C.  Bunce,  Professor  at  BaseL     Authorized  Translation  from  the  German, 

In  Press. 
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Burnet-     Foods  and  Dietaries. 

A  Manual  of  Clinical  Dietetics.     By  R.  W.  Birnet.   m.d..   MR.c.r..   Phyiicail 
the  Great  Northern  Central  Hospital.     With  Appendix  oo  Prcdigeatcd   Fckodft 
Invalid  Cooker\\     Full  Directions  as  (o  Hours  of  Taking  Noumhment,  Qiaoiily. 
etc.     Third  Edition.  Oq(Ii«  |IJ 

Burnett.     Hearing  and  How  to  Keep  It. 

By  Chas.  H.  BiTRNETT,  M.D.,  Profcssof  of  Diseases  of  the  Ear  at  the  Phi 

Polychnic.     Illustrated. 

Butlim     The  Operative  Surgery  of  Malignant  Disease* 

By  Henry  T.  Butlf.v,  f.r.c.s.,  Assistant  Surgeon  to,  and  Demonstrator  of  SiiffCy 
at,  St.  Bartholomew's  Hospital,  London,   etc*,   assisted  by  Ja.mes  Bkkry,  r.lLCJi.. 
Wm.  Bruce-Clarke,  m.b.,  f.r.cs.,  A.  H.  G*  Doran,  f/r.c.s.,  Percy  Fuiu«italuJ 
P.R.C.S..    W.   H.   H.  Jessop,  m.b,,   f.r.c.s.,  and  H.  J,  Warikc,    B.St.,    r.l 
Second  Edition,  Revised  and  Rewritten.     Illustrated.     Octavo,  Qoth,  $^\ 

Buxton.     On  Anesthetics. 

A  Manual.     By  Dudley  Wilmot  Buxton,  m.r.c.s.,  m.r.c.p.,  Asssiant  to  Pr* 
of  Medicine  and  Administrator  of  Anesthetics,  Umvcrsity  College  Hospital 
Third  Edition,  Illustrated.      i2mo.  Cloth,  fi* 

Byford.     Manual  of  Gynecology.     341  I  Uustrations. 

By  Henry  T.  Byford,  m.d.,  Professor  of  Gynecology  and  Chnical  Gyi>ecolo^ 
the  College  of  Physicians  and  Surgeons  of  Chicago,  and  in  Post-Graduate  M< 
School,  etc.     Second  Edition,  Enlarged.     341  Illustrations,  many  of  which  afit  (too 
original  drawings  and  several  of  which  are  Colored,      1 2mo.  Cloth.  $yXA 

Caldwell.     Chemical  Analysis. 

Elements  of  Qualitative  and  Quantitative  Chemical  Analysis.  By  G.  C,  CxLUt 
B.S.,  Ph.D.,  Professor  of  Agricultural  and  .'Analytical  Chemistry  in  Cornell  \J\ 
sity.  Ithaca.  New  York.  etc.     Third  Edition.     Octavo.  Clotli,  fi, 

Cameron.     Oils  and  Varnishes. 

By  James  Cameron.  F.LC.    Illustrations,  Formulae,  Tables,  etc.    tamo.     Cloth,  fS»SJ 

Soap  and  Candles. 
A  Handbook  for  Manufacturers,  Chemists,  etc.  54  Illustrations.    1 3mo.  Cloc2l» ; 

Campbell,     Dissection  Outline  and  Index, 

A  Systematic  Outline  for  Students  for  the  Dissection  of  the  Human  Body  umI 
Arranged  Index  adapted  for  Use  with  Morris'  .\natomy.  By  Wiluam  A,  CAurvctL, 
n,s.,  m,d.,  formerly  Demonstrator  of  .A-natomy  in  the  Medical  Dcpanment  of  the 
University  of  Michigan.  Ann  Arbor.     Second  Edition,  Revised.  Cloth, 

Canficld,     Hygiene  of  the  Sick-Room. 

Being  a  Brief  Consideration  of  Asepsis.  Antisepsis,  Disinfection.  Bacteriology,  li 
nity.  Heating  and  Ventilation*  and  kindred  subjects,  for  the  Use  of  Nurses  and 
Intelligent  Women.     By  William  BucKisr.HAM  CANFiELti,  a.m.,  h. ti..  laie 
on  Clinical  Medicine,  University  of  Maryland,      i3mo.  Clothe  ^l, 

Carpenter.     The  Microscope  and  Its  Revelations, 
By  W.  B.  Carpenter,  m.d.,  p.r.s.     Eighth  Edition,  by  Rev.  Dr.   Dallii 
F.R.s.     Rewritten,  Revised,  and  Enlarged.     8f  7  tilustrations  and  33  Plates.     Octat 
It  36  pages.     Just  Ready.  Cloth,  58.00;  Hiilf  Moro<*co,  %^i 

Chase.     General  Paresis. 
By  Ronp-Rr  H*  CitAst*,  M.t^.,  Supciintcndent  Friends' Asylum  for  the  Insacc. 
ford,  Philadelphia.     Illustrated.  in  JYtu,\ 


MEDICAL  AND  SCIENTIFIC  PUBLICATIONS. 


pazeaux  and  Tarnier's  Midwifery.  With  Appendix,  by  Munde. 
The  Theory  and  Practice  of  Obstetrics,  including  the  Diseases  of  Pregnancy  and 
Parturition,  Obstetrical  Operations,  etc.  By  P.  Cazeaux.  Remodeled,  rearranged, 
and  revised  by  S,  Tarnier,  m.d.  Eighth  American  from  the  Eighth  French  and 
First  Italian  Edition.  Edited  by  Robert  J.  Hess,  m.d.  With  an  Appendix  by  Paul 
F.  MuNDfe,  M.D.  Illustrated  by  Lithographs,  Full-page  Plates,  and  numerous  En- 
gravings.    8vo,  Cloth,  $4*50;  Full  Leather.  I5.50 

Clowes  and  Coleman.     Quantitative  Analysis. 

Adapted  for  the  Use  of  the  Laboratories  of  Schools  and  Colleges.  By  Frank  Clowes, 
Sc.D,,  Emeritus  Professor  of  Chemistry,  University  College.  Nottingham,  and  I. 
Bernard  Coleman,  Assoc.  R.  C.  Sci.,  Dubhn,  Professor  of  Chemistry,  Southwest 
London  Polytechnic.     Fifth  Edition.     122  Illustrations.  Cloth,  $3.50 

Coblentz.     Manual  of  Pharmacy. 

A  Text-Book  for  Students.  By  ViRfsiL  Coblentz,  a.m..  PH.D.,  f.c.s.,  Professor  of 
Chemistry  and  Physics  ;  Director  of  Pharmaceutical  Laboratorj',  College  of  Phar- 
macy of  the  City  of  New  York.  Second  Edition,  Revised  and  Enlarged.  437  Illus- 
trations.    Octavo.     572  pages.  Cloth,  $3.50;  Sheep,  I4. 50 

The  Newer  Remedies. 

Including  their  Synonyms,  Sources,  Methods  of  Preparation,  Tests,  Solubilities, 
and  Doses  as  far  as  known.  Together  with  Sections  on  Organo-Therapeutic 
Agents  and  Indifferent  Compounds  of  Iron.  Third  Edition,  ver)*  much  enlarged. 
Octavo,  Cloth.  $1.00 

Volumetric  Analysis. 

A  Practical  Handbook  for  Students  of  Chemistry.  Including  Indicators.  Test- 
Papers,  Alkalimetr)',  Acidimctry,  Analysis  by  Oxidation  and  Reduction,  lodom- 
etry,  Assay  Processes  for  Drugs  with  the  Titrimetric  Estimation  of  Alkaloids^ 
Estimation  of  Phenol,  Sugar,  Tables  of  Atomic  and  Molecular  Weights. 
Illustrated.     8vo.  Cloth.  111.25 

Cohen.  System  of  Physiologic  Therapeutics.  Illustrated, 
A  Practical  Exposition  of  the  Methods  Other  than  Drug-giving,  Useful  in  the  Treat- 
ment of  the  Sick  and  in  the  Prevention  of  Disease. ,  Edited  by  Solomon  Solis 
Cohen,  a.m.,  m.d.,  Professor  of  Medicine  and  Therapeutics  in  the  Philadelphia 
Polyclinic  ;  Lecturer  on  Clinical  Medicine  at  Jefferson  Medical  College  ;  Physician 
to  the  Philadelphia  Hospital  and  to  the  Rush  Hospital  for  Consumption  ;  formerly 
Lecturer  on  Therapeutics,   Dartmouth  Medical  College.     To  be  issued   in   Eleven 

.    Compact  Octavo  Volumes.  Complete  Set.  Cloth,  S27. 50;  Half  Morocco,  ;?38.50 

I      Electrotherapy.     220  Illustrations.     Two  Volumes. 

■  By  George  W.  Jacoby,  m.d.,  New^  York,  Consulting  Neurologist  to  the  German 
I  Hospital,  to  the   Infirmary  for  Women  and  Children,  to  the  Craig  Colony  for 

■  Epileptics,  etc.  Special  articles  by  Edward  Jackson,  a.m.,  m.d.,  Denver. 
I  Col.;  Emeritus  Professor  of  Diseases  of  the  Eye  in  the  Philadelphia  Polyclinic  ; 

■  Member  American  Ophthalmological  Society  ;  Fellow  and  ex-President  American 
^^^  Academy  of  Medicine,  etc. — By  William  Scheppegrell,  m.d.,  New  Orleans, 
^^H  ex-Vice-President  American  Lar>'ngologicaL  Rhinological,  and  Otological 
^^m  Society. — By  J.  Chalmers  Da  Costa,  m.d..  Clinkal  Professor  of  Surgery  in 
W^  Jefferson  Medical  College;  Surgeon  to  the  Philadelphia  and  to  St.  Joseph's 
I  Hospitals,  etc. — By  Franklin  H.  Martin,  m.d.,  Professor  of  Gynecology,  Post- 
I  Graduate  Medical  School  of  Chicago ;  Gynecologist  Chicago  Charity  Hospital  ; 
I  Chairman  Section  of  Obstetrics  and  Diseases  of  Women  of  the  American  Mcdi- 
I  cal  Association  (1895).  etc. — By  A.  H.  OHMANN-DtrMESNiL,  m.d.,  Editor  St. 
I  Lmiis  Medical  and  Sur^kai  Journni ;  Member  International  Dermatological 
I  Congress ;  formerly  Professor  of  Dermatology,  St.  Louis  Medical  College,  etc. 
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Cohen.     Physiologic  Therapeutics. — Continued. 

Climatology  and    Health    Resorts,   Including   Mineral   Springs.j 

Two  Volumes,  with  Colored  Maps. 

By  F.  Parkes  Weber,  m.a.,  m.d.,  f.r.c.p.  (Lond.).  Phy^cbin  to  the  G^minJ 
Hospital,   Dalston  ;    Assistant  Physician  North  London   M 
tion  ;  Author  of    ••  The  Mineral  Waters  and  Health  Rt 
Guy  Hinsdale,  a.m.,  m.d..  Secretarv'  of  the  American  ■  ical  A^^ooa- 

tion  ;  President  of  the  Pennsylvania  Society  for  the  Prc%  t  fubcrcukifk* 

etc.  Including  an  article  on  Hawaii  by  TiTUS  Mt-KSON  Coa.n,  m.d.*  o*  New 
York.  With  Colored  Maps,  prepared  by  Dr.  W.  F.  R.  pHU4,ttr<..  of  tlic  U.  S. 
Weather  Bureau,  Washington,  D.  C. 

Prophylaxis — Personal  Hygiene — Care  of  the  Sick*      Illustrai 

By  Dr.  Joseph  McFarl^nd,  Professor  of  Pathology',  Mcdico*Cliirur^icaJColkfc| 
Philadelphia ;  Dr.  Henry  Leffmann,  Professot  of  Chemistry  tn  the  W< 
Medical  College,   Philadelphia;    Albert  Aurams,   a.m..   m.d.   (Univcraty 
Heidelberg),   formerly   Professor  of  Pathology.   Cooper   Medical    College, 
Francisco  ;    and  Dr.   W.  Wayne  Babcock.  Lecturer  on   Pathology  and 
teriology,  Medico-Chinirgical  College,  Philadelphia. 

Dietotherapy :  Food  in  Health  and  Disease. 

By  Nathan  S.  Davis,  Jr.,  a.m.,  m.d..  Professor  of  Principles  and  Practice 
Medicine  in  Northwestern  University  Medical  Schoot;  Physician  to  Mercy  U< 
pital,   Chicago  ;  Member  American  Academy  of  Medicine,  American 
logical  Society,   etc.     With  Tables  of  Dietaries,   Relative  Value  of  F( 

Mechanotherapy  and  Physical  Education.  Illustrated. 
By  John  Kkarsley  Mitchell,  m.d.,  Assistant  F'hysician  to  the 
Hospital  and  Inhrmary  for  Nervous  Diseases  ;  Assistant  Neurologist  lYesbyttriu^ 
Hospital,  Philadelphia,  etc.,  formerly  Lecturer  on  Symptomology  at  the  Ui 
sity  of  Pennsylvania  ;  and  Luther  Gulick,  m.d.,  of  Brookl>n»  N.  Y., 
of  Springfield,  Mass..  Mem.  American  Association  for  Advancement  of  Ptiyiical 
Education,  Aroer.  Medical  Association,  etc.  With  a  Chapter  an  OrthoptSc 
Appliances  by  James  K.  Young,  m.d..  Professor  of  Orthopedic  Surgery.  Pliift* 
delphia  Polyclinic ;  Instructor  in  Orthopedic  Surger>'.  University  of  Peans>'h 
and  an  Article  on  Ocular  Orthopedics  by  Walter  L.  P\'LE,  m.d. 

Rest — Mental  Therapeutics — Suggestion. 

By  Francis  X.  Dehcum,  m.d..  Clinical  Professor  of  Nervous  Diseases  to 
son    Medical   College  ;    Neurolog^ist  to  the   Philadelphia   Hospital  ,    Cot 
Physiciiin  to  the  State  Asylum  for  the  Chronic  Insane  at  Wemcrs^iUc, 
Consulting  Neurologist  to  St.  Agnes*  Hospital  ;  Neurologist  to  iJie  Jewish 
pital  of  Philadelphia. 

Hydrotherapy  —  Thermotherapy  —  H  eliotherapy —  Crounotha^] 

apy — Phototherapy — Balneology, 

By  Dk.  WiLHELM  Wlstekmtz.  Professor  of  Clinical  Medicine  in  ihe  Unt?«n«ty 
of  Vienna;  Director  of  the  General  Polyclinic  in  Vienna,  etc.;  insisted  by  j 
Dr.  Alois  Strasser,  Instructor  in  Clinical  Medicine,  Untvervity  of  Vienut 
and  Dr.   B.   Buxbaum.  Chief  Physician  of  the  Hydrotl  Institoir 

Vienna;  and  Dr.  E,  Helnrich   KtscH,  Professor  in  the  '  s  nf 

Physician  at  Marienbad  Spa.     With  Special  Chapters  by  Da.  A-  C  i 
National    Museum,    Washington,    D.    C.    Dii.  J.   H.   KELLOC«i,    J 
Mich.,  and  Harvev  Cushing,  m.d..  Johns  Hopkins  Hospital.  Baluiaigrc 
an  Appendix  by  Dk.  Cohen, 

Pncumatotherapy  and  Inhalation  Methods.     Illustrated, 
By  Dr.  Paul  Tissier,  Chief  of  Clinic  of  the  Faculty'  of  Medicine  ef  Vw%, 
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!ohen.     Physiologic  Therapeutics.— Continued. 

Serotherapy — Organotherapy — Blood- Letting,  etc. — Principles  of 
Therapeutics — Digest — I  ndex. 

By  Joseph  McFarland.  m.d.,  Professor  of  Pathology  in  the  Medico-Chirurgical 
College,  Philadelphia  ;  Pathologist  to  the  Medico  Chirurgicai  Hospital,  etc. — 
O.  T.  OsBORME.  M.U.,  Professor  of  Materia  Medica  and  Therapeutics,  Medical 
Department,  Yale  University,  New  Haven. — Fredkrick  A.  Packard,  m.d.. 
Visiting  Physician  to  the  Pennsylvania  and  to  the  Children's  Hospitals. — The 
Editor,  and  AugustL'S  A.  Eshner,  m.d.,  Professor  of  Clinical  Medicine  in  the 
Philadelphia  Polyclinic  ;   Physician  to  the  Philadelphia  Hospital,  etc. 

*^i.*  Complete  descriptive  circular  upon  application. 

Cohen,     The  Throat  and  Voice. 
By  J.  Sous  Cohen,  M.D,     Illustrated,     ismo.  Cloth.  ,40 

Congdon.     Laboratory  Instructions  in  General  Chemistry. 

By  Ernest  A.  Congdon,  Professor  of  Chemistry  in  the  Drexel  Institute,  Philadelphia  ; 
Member  American  Chemical  Society  ;  Fellow  of  the  London  Chemical  Society^  etc. 
With  an  Appendix,  useful  Tables,  and  56  lUustralions,  Interleaved,  Cloth,  $1.00 

Conn.     Agricultural  Bacteriology, 

Including  a  Study  of  Bacteria  as  Relating  to  Agriculture,  with  Special  Reference  to 
the  Bacteria  in  Soil,  in  the  Dairy,  in  Food  Products,  in  Domestic  Animals^  and  in 
Sewage.  By  H.  W.  Conn,  Ph.D..  Professor  of  Biology,  Wesleyan  University. 
Middletown,  Conn.;  Author  of  "Evolution  of  To-day,"  "TheStorj'of  Germ  Life," 
etc.     With  Illustrations.  Cloth,  $2.50 

Coplin,     Manual  of  Pathology,     Third  Edition.     330  Illustrations. 

Including  Fiacteriologfy,  the  Technic  of  Post-mortems,  and  Methods  of  Pathologic 
Research.  By  W.  M,  Late  Coflin,  mak.  Professor  of  Patholog>'  and  Bacteriology, 
Jefferson  Medical  College  ;  Pathologist  to  Jefferson  Medical  College  HospitaJ  and  to 
the  Philadelphia  Hospital ;  Bacteriologist  to  the  Pennsylvania  State  Board  of  Health. 
Third  Edition,  Rewritten  and  Enlarged.  330  Illustrations,  many  of  which  are  origi- 
nal, and  7  Colored  Plates.     Svo.  Cloth,  ^3.50 
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Practical  Hygiene. 

With  Special  Articles  on  Plumbing,  Ventilation,  etc.      138 
Second  Edition. 


Illustrations.     Svo. 
In  Preparation. 


Crocker.     Diseases  of  the  Skin. 

Their  Description.  Pathology,  Diagnosis,  and  Treatment,  with  Special  Reference  to 
the  Skin  Eruptions  of  Children.  By  H.  Radcliffe  Crocker,  m.d,,  Physician  to 
the  Department  of  Skin  Diseases,  University  College  Hospital,  London.  92  Illustra- 
tions.    Third  Edition.  P^yparing. 

Cuff.     Lectures  on  Medicine  to  Nurses. 

By  Herbert  Ed-mund  Cuff,  m.d.,  late  Assistant  Medical  Officer,  Siockwell  Fever 
Hospital,  England.     Third  Edition,  Revised.     With  25  Illustrations,        Cloth,  I1.25 

Cushing.     Compend  of  Histology. 

Specially  adapted  for  the  use  of  Medical  Students  and  Physicians.  By  H,  IL  Cashing, 
M.D,,  Director  of  Histological  and  Embryologncal  Laboratories.  Woman's  Medical 
College  of  Pennsylvania  ;  Demonstrator  of  Histology  and  Embr>'ology,  Jefferson 
Medical  College,  Philadelphia.  Illustrated.  No.  tj  ?  Quiz- Compend  f  Series, 
iimo.  Cloth,  .80;  Interleaved  for  Notes,  j;i,oo 


reaver.     Appendicitis,     Third  Edition. 

Its  History,  Anatomy.  Etiology,  Pathology,  Symptoms,  Diagnosis,  Prognosis.  Treat- 
ment, Complications,  and  Sequelae.  With  22  Plates,  10  of  which  are  Colored, 
Third  Edition,  Revised  and  Rewritten.  Frepanng, 

tercum.      Rest — Mental  Therapeutics-^Suggestion. 
See  Cohen,  Physiologic  Therapeutics,  page  10. 

'iihrssen.     A  Manual  of  Gynecological  Practice. 

By  Dr,  a.  Duhrssen,  Privat-Docent  in  Midwifery  and  Gynecology  in  the  University 
of  Berlin.  Translated  from  the  Fourth  German  Edition  and  Edited  by  John  W* 
Taylor,  f.rx.s.,  Surgeon  to  the  Birmingham  and  Midlands  Hospital  for  Women  ; 
Vice-President  of  the  Bridsh  Gynecological  Society;  and  Frederick  Edge,  m.d., 
M.RX.P.,  F.RX.s.,  Surgeon  to  the  Wolverhampton  and  District  Hospital  for  Women. 
With  105  Illustrations-      i2mo.  Cloth,  1 1.50 

Dulles.     What  to  Do  First  In  Accidents  and  Poisoning. 

By  C.  W'.  Dulles,  m.u.,  Surgeon  to  the  Rush  Hospital  ;  formerly  Assistant  Surgeon 
2d  Regiment  N.  G.  Pa.,  etc.  Fifth  Edition,  Enlarged.  With  new  Illustrations. 
i2mo.  Cloth,  $Loo 

Edgar.     Text-Book  of  Obstetrics. 

By  J.  Clifton  Edgar,  m.d,,  Professor  of  Obstetrics  Medical  Department  of  Cornell 
University,  New  York  City  ;  Physician  to  Mothers'  and  Babies'  Hospital,  and  to  the 
Emergency  Hospital,  etc.  W^ith  many  Illustrations,  a  large  number  of  which  are 
Original.     Octavo.  ///  Preparation. 

Emery,    A  Handbook  of  Bacteriological  Diagnosis. 

By  W.  d'Este  Emery,  m.d.,  b.Sc.  Lond.,  Lecturer  in  Pathology  and  Bacterioiogy  in 
the  University  of  Birmingham.  With  two  colored  plates  and  32  other  illustrations. 
Just  Ready,  Cloth,  §1.50 

Fagge.     Practice  of  Medicine. 

A  Text-Book  of  Medicine  by  the  late  C,  Hilton  Fagcje,  m.d.  Fourth  Edition, 
Revised  and  Edited  by  P.  H.  Pye-Smith.  m.d..  f.r.s.,  f.r.c.p..  Consulting  Physi- 
cian to  Guy's  Hospital,  London,  etc.     Two  Vols.     8vo.     Vol.  \,  Just  Ready, 

Cloth,  $6.00 
VoL  11,  Nearly  Ready. 

Fick.     Diseases  of  the  Eye  and  Ophthalmoscopy. 

A  Handbook  for  Physicians  and  Students,  By  Dr.  Eugen  Pick,  University  of 
Zurich.  Authorized  Translation  by  A.  B.  Hale,  m.d.,  Ophthalmic  Surgeon  United 
Hebrew  Charities ;  Consulting  Ophthalmic  Surgeon  Charity  Hospital,  Chicago  ;  late 
Vol.  Assistant  Imperial  Eye  Chnic,  University  of  Kiel.  With  a  Glossary  and  158 
Illustrations,  many  of  which  are  in  Colors.     8vo. 

Cloth.  *4-50;  Sheep.  I5.50;  Half  Russia.  I6.50 

Fillcbrown.     A  Text-Book  of  Operative  Dentistry. 

Written  by  invitation  of  the  National  Association  of  Dental  Faculiies.  By  Thomas 
Fillebrown,  m*d.,  D.M.D.,  Professor  of  Operative  Dentistry  in  the  Dental  School  of 
Harvard  University  ;  Member  of  the  American  Dental  Association,  etc.  Illustrated. 
8vo.  Cloth.  $2.^^ 

Fowler's  Dictionary  of  Practical  Medicine. 

By  Variaus  Writers,  An  Encyclopedia  of  Medicine.  Edited  by  James  Kingston 
Fowler,  m.a.,  m.d.,  f.r.c.p.,  Senior  Assistant  Physician  to,  and  Lecturer  on  Patho- 
logical Anatomy  at,  the  Middlesex  Hospital,  London.     Bvo. 

Cloth,  $3.00 ;  Half  Morocco,  $4.00 
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Ijould.    The  Pocket  Pronouncing  Medical  Lexicon.    Fourth  Edition. 
r         (30,000  Medical  Words  Pronounced  and  Defined.) 

A  Student's  Pronouncing  Medical  Lexicon.  Containing  all  the  Words,  their  Defini- 
tions and  Pronuncjations,  that  the  Student  generally  comes  in  contact  with  ;  also 
elaborate  Tables  of  the  Aiterics,  Muscles,  Nerves,  Bacilh,  etc.,  etc.;  a  Dose  List  in 

.    both  English  and  Metric  Systems,  a  new  table  of  Clinical  Eponymic  Terms,  etc.. 

I  arranged  in  a  most  convenient  form  for  reference  and  memorizing.  Thin  64mo. 
(6x3^'  inches.)  838  pages.  The  System  of  Primiuuiation  itsid  in  this  hook  is  very 
simple,     A  New  Edition, 

Full  Limp  Leather.  Gilt  Edges,  $1.00 ;  With  Thumb  Index,  51,25 
'*  Thifl  *  Dictionary  '  is  admirably  suited  to  the  uaes  of  the  lecture-room,  or  for  the  purposes  of 

a  mei^licnl  defining  vocabulary — many  of  the  words  not  yet  being  found  in  any  other  dicijonary, 

Inrge  or  small,  while  all  of  the  words  are  those  of  the  living  medical  literature  of  llic  day," — The 

Virginia  A!edit:ai  Monthly. 

%*  130,000  copies  of  Gould's  Dictionaries  have  been  sold. 
Sample  pages  attd  descriptive  circulars  of  Gould's  Dictionaries  free  upon  application. 

Borderland  Studies. 
Miscellaneous  Addresses  and  Essays  Pertaining  to  Medicine  and  the  Medical 
Profession,  and  their  Relations  to  General  Science.  350  pages.   1 2mo.  Cloth,  5:2.00 

Gould  and   Pyle.     Cyclopedia   of  Practical    Medicine  and   Surgery. 
72  Special  Contributors.     Illustrated.     One  Volume. 

A  Concise  Reference   Handbook,   Alphabetically   Arranged,    of  Medicine,   Surgery, 
Obstetrics,  Materia  Medica,  Therapeutics,  and  the  various  specialties,  with  Particular 
Reference  to  Diagnosis  and  Treatment.     Compiled  under  the  Editorial  Supervision 
of  Drs.  George  M.  Gould  and  W.  L.  Pyle.     With  many  Illustrations. 
Large  Square  Octavo.     Uniform  with  Gould's  "  Illustrated  Dictionary." 

Full    Sheep  or  Half  Dark-Green  Leather,  I  to. 00 ;  With  Thumb  Index,  $11.00 

Half  Russia,  Thumb  Index,  1 12.00 

*^*The  great  success  of  Dr.  Gould's  *'  Illustrated  Dictionary  of  Medicine"  sug- 
gested the  preparation  of  this  companion  volume,  which  should  be  to  the  physician  the 
same  trustworthy  handbook  in  the  broad  field  of  general  information  that  the  Dictionary 
is  in  the  more  special  one  of  the  explanation  of  words  and  the  statement  of  facts.  The 
aim  has  been  to  provide  in  a  one-volume  book  all  the  material  usually  contained  in  the 
large  systems  aad  much  which  they  do  not  contain.  Instead  of  long,  discursive  papers 
on  special  subjects  there  are  short,  concise,  pithy  articles  alphabetically  arranged,  giv- 
ing the  latest  methods  of  diagnosis,  treatment,  and  operating — a  working  book  in  which 
the  editors  and  their  collaborators  have  condensed  all  that  is  essential  from  a  vast 
amount  of  literature  and  personal  experience. 

The  seventy-tft'o  special  contributors  have  been  selected  from  all  parts  of  the 
country'  in  accordance  with  their  fitness  for  treating  special  subjects  about  which  they 
may  be  considered  expert  authorities.  They  are  all  men  of  prominence,  teachers, 
investigators,  and  writers  of  experience^  who  give  to  the  book  a  character  uncqualed  by 
any  other  work  of  the  kind. 

At  each  reprinting  this  Cyclopedia  is  carefully  revised  and  augmented  so  as  to  in- 
clude important  innovations  and  in  order  to  keep  it  up-to-date. 

"Tbebwik  is  a  companion  volume  to  Gould's  'Illustrated  Dictionarj' of  Medicine,'  which 
every  physician  should  possess.  With  thes«  two  books  in  his  libmry» every  bu*y  physician  will  save 
a  vast  araounl  of  time  in  having  at  hand  an  instant  reference  cyclopedia  covering  every  subject  in 
surgery  and  tiicdicine."^ — Chicago  Mtdical  Recorder. 

Pocket  Cyclopedia  of  Medicine  and  Surgery. 

Based  upon  Gould  and  Pylc*s  Cyclopedia  of  Practical  Medicine  and  Surgery. 
Uniform  with  Gould's  Pocket  Dictionary. 

Full  Limp  Leather,  Gilt  Edges,  51.00  ;  With  Thumb  Index,  Hi, 25 
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Gould  andPylc,     Compcnd  of  Diseases  of  the  Eye. 

Including  Refraction  Treatment  and  Operations,  with  a  Section  '"^  ^  '^  *'  Ti^^^ipwdes, 

With  Formulae,  Glossary,  and  several  Tables.     By   Dits.   i\\  'LD 

W.  L,  PvLE.     Second   Edition.     109  Illiistiations,  several  oi    ..    .^  ,    Colofwl^ 


No,  S  fQitis-Compendf  Series^ 


Cloth.  80.;  Interleaved  for  No<r».  %\ 


Gordinier,     The  Gross  and  Minute  Anatomy  of  the  Centnd  Ncrvoi 
System,      261  Illustrations. 
By  H,  C.  Gordinier,  a.m..  m.d.,   Professor  of  Physiology  and  of  the  Anatonqr 
the  Nervous  System  in  the  Albany  Medical  College ;  Member  Amencan  Neui 
Association.     With  48    Full-page  Plates  and  213  other  lUustrations,  a  number 
which  are  printed  in  Colors  and  many  of  which  are  original.     Large  8vo. 

Handsome  Cloth.  |6,oo ;  Sheep.  S7.00  ;  Half  Ri»si»,  $$.< 
••  This  b  an  excenetit  book  on  a  fascrnatine  subject,  and  the  author  d«?»er»e»  the  ih«iik»  eli 
English-speaking  medical  world  for  his  labor  in  getting  it  up.     There  are  works  enough  on 
anatomy,  and  dry  enough  they  are,  as  we  all  remember  only  loo  well ;   b«t  the  anaiomy  of 
nervous  system  alone  is  another  matter  entirely,  for  it  is  one  of  the  most  tnleTr^liog  of  all 
of  medical  study  at  the  same  time  that  it  is  one  of  the  most  dltficult." — T^*  \f*.j,.,i!  K'*-r. 

Gorgas*  Dental  Medicine. 

A  Manual  of  Dcnul  Materia  Medica  and  Therapeutics.    By  Fbrdikand  J,  S.  CoitCiiAl.| 
M.D.,  D.D.S.,  Professor  of  the  Principles  of  Dental  Science,  Oral  Surgery^  mnd 
Mechanism    in  the    Dental    Department  of  the  University  of  Maryland. 
Edition,  Revised  and  Enlarged,  with  many  Fonmulje.     8vo.     JuU  Rt^df. 

Cloth.  |4'Oo;  Sheep,  SS^oo ,  Half  Rossia.  fdooj 

Questions  and  Answers, 

Embracing  the  Curriculum  of  the  Dental  Student.  Divided  into  three  ptitf. 
By  Ferdinand  J.  S.  Gorgas,  a.m.,  m.d.,  U.D.S.,  Author  of  "  Dental  McdictDe," 
Editor  of  "Harris"  Principles  and  Practice  of  Dentistry '^  and  '^Harri**'  r>u-ri..it»rT 
of  Medical  Terminology  and    Dental  Surgery/'  Professor  of  the  ^  nf 

Dental  Science,  Oral  Surger>\  etc.,  in  the  University  of  Mar}l-i.._.  ^.watol 
Department,  Baltimore,     Octavo.     Just  Retuiy.  Cloth,  |6*09j 

Gray.     A  Treatise  of  Physics. 

By  Andrew  Grav.  ll,d.,  f.r.s..  Professor  of  Natural  Phi!osop«hy  in  the  \3\ 
of  Glasgow.     In  Three  Volumes. 
V^ol.  I.     Dynamics  and   Properties  of  Matter.     350  lUustrations.     Octavo. 
688  pages.  CIoUi.  |4*! 

GreefF.     The  Microscopic  Examination  of  the  Eye, 

By  Professor  R.  GreefT.     Surgeon  to  the  Opblhalnuc  Department  of  the  P   ■  -'  '^\: 
Hospital,  Berlin.     Translated  from  the  Second  German   Edition  by  Ht 
M.A..  Mtj, ,  Assistant  Surgeon  and  Pathologist  10  the  Ophthalmic  Depatiimu'.  «.i 
Glasgow  Royal  Infirmary'.      i2mo.     Just  Ready.  C|o«h»  %\t\ 

Greene.     The  Medical  Examination  for  Life  Insurance 

and  its  Associated  Clinical  Methods.     With    Chapters   on  the   Insurance   of  Sub* 
standard  Risks  and  Accident  Insurance.    By  Charles  Lyman  Greene,  m.d.,  of 
Paul.  Clinical  Professor  of  Medicine  and  Physical  Diagnosis  in  the  University  of  Mia* 
aesota.     With  99  Illustrations,  many  of  which  are  original,  several   being   print 
in  Colors.     Octavo.  Ooih«  %4A 

Griffith's  Graphic  Clinical  Chart. 

Designed  by  J.  P.  Crozek  Griffith,  m.d.,  Instnictor  in  CMntcal  Medidne  in 
University  of  Pennsylvania.    Sample  copies  free.    Put  up  in  loose  packages  of  50, 
Price  to  Hospitals:   joo  copies,  I4.00 ;   1000  copies,  S7.$0, 
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Groff.     Materia  Medica  for  Nurses, 
With  Questions  for  Self-examination.     By  JOHs  E.  Gkoff»  Pharmacist  to  the  Rhode 
Island  Hospital,  Providence,     Second  Edition,  Revised  and  Improved.      i2mo. 

Groves  and  Thorp.     Chemica]  Technology < 
A  New  and  Complete  Work.     The  Application  of  Chemistry  to  the  Arts  and  Manu- 
factures.    Edited  by  Charles  E.  Groves,  f.r.s..  and  Wm.  Thorp,  b.sc.  p.i.c. 
assisted  by  many  experts.    With  numerous  Illustrations.     Each  volume  sold  s^paratdy , 
Vol.     I.     Fuel  axd  Its  Applications.     607  Illustrations  and  4  Plates.     Octavo. 

Cloth,  15.00,  %  Mor.,  J6.50 

Vol.    IT.     LiCHTiNG.     Candles.  Oils,  Lamps,  etc.     By  W.  Y.  Dent,  L.  Field. 

BovERTON   Redwood,  and  D.  A.  Louis.     Illustrated. 

Octavo.  Cloth,  I4.00;   %  Mor.^  #5.50 

VoL  III.    Gas  Lighting.     By  Charles  Hunt,   Manager  of  the  Birmingham 

Gasworks.     Ulustrated.     Octavo. 

Cloth,  53.50;  %  Mor.,  54.50 
VoL  IV.  Electric  Lighting  AND  F*hotometry.  By  Arthur  G.  Cooke,  m.a. 
(Cantab,),  Lecturer  on  Physics  and  Electric  Engineering 
at  the  Battersea  (London)  Polytechnic  ;  and  W.  J.  Dihdin, 
F.I.C,  F.C.S.,  late  Chemist  and  Superintending  Gas  Ex- 
aminer, London  County  Council.  In  Prtss. 

Gowers.     Manual  of  Diseases  of  the  Nervous  System. 
A  Complete  Text-Book.     By  Sir  William  R.  Gowers,  m.d.,  f.r.s..  Physician  to 
National  Hospital  for  the  Paralyzed  and  Epilcpuc  ;  Consulting  ITiysician,  University 
College  Hospital ;  formerly  Professor  of  Clinical  Medicine,   L^nivcrsity  College,  etc. 
Revised  and  Enlarged.     With  many  new  Illustrations.     Two  volumes.     Octavo. 

Vol.    1.      Diseases  of  the  Nerves  and  Spinal  Cord. 

Third  Edition.  Cloth.  f4.oo ;  Sheep,  55.00 ;  Half  Russia.  I6.00 

VoL  II.     Brain  and  Cranial   Nerves;    General  and    Functional 
Diseases. 
Second  Edition.  Cloth,  ^.00 ;  .Sheep,  $5,00 :  Half  Russia,  $6.00 

^^*This  book  has  been  translated  into  German.  Italian,  and  Spam$h.     It  is  pub- 
lished in  London,  Mihin.  Bonn,  Barcelona,  and  Philadelphia. 

Syphilis  and  the  Nervous  System. 

Being  a  Revised  Reprint  of  the  Lettsomian  Lectures  for  1890,  dchvercd  before 
the  Medical  Society  of  London,      iimo.  Cloth,  $1.00 

Epilepsy  and  Other  Chronic  Convulsive  Diseases. 

Their  Causes,  Symptoms,  and  Treatment     Second  Edition.  Cloth,  fj-oo 

Hadley.     General  Medical  and  Surgical  Nursing, 

A  Manual  for  Nurses.     By  Dr.  W.  C.   Hadley,   Physician  to^  and  Lecturer  on 

Medicine  to  the  Nurses  at,  the  London  Hospital.     With  an  Appendix  on  Sick-Room 

Cookery.      i2mo.     326  pages.  Qoth,  11,25 

Haig,     Causation  of  Disease  by  Uric  Acid.     Fifth  Edition. 

A  Contribution  to  the  Pathology  of  High  Arterial  Tension.  Headache,  Epilepsy. 
Mental  Depression,  Gout,  Rheumatism,  Diabetes,  Bright' s  Disease.  Anxmia.  etc. 
By  Alexander  Haig.  m.a..  m.u.  (Oxon.).  f.r.c.p.,  Physician  to  .Metropolitan  H«iS' 
pital.  London.     75  Illustrations.     Fifth  Edition.     8vo.     S46  pages.         Cloth,  #3.00 

Diet  and  Food. 

Considered  m  Relation  to  Strength  and  Power  of  Endurance.     Third  Edition. 
Revised.  Cloth,  |i.oa 
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Hale.     On  the  Management  of  Children 
in  Health  and  Disease.  Qoth,  .50 

Hall.     Diseases  of  the  Nose  and  Throat. 

By  F.  DE  Havilland  Hall,  m.d.,  f.r.c.p.  (Lond.),  Physician  to  the  Westminster 
Hospital ;  President  of  the  Laryngological  Society  of  London  ;  Joint  Lecturer  on  the 
Principles  and  Practice  of  Medicine  at  the  Westminster  Hospital ;  and  Herbert 
TiLLEY,  M.D.,  B.s.  (Lond.),  F.R.c.s.  (Eng.),  Surgeon  to  the  Throat  Hospital.  Golden 
Square  ;  Lecturer  on  Diseases  of  the  Nose  and  Throat,  London  Post-Graduate  College 
and  Polyclinic.  Second  Edition,  Thoroughly  Revised,  with  2  Plates  and  80  Illustra- 
tions,    /us/  Ready.  Cloth,  I2.75 

Hamilton.     Lectures  on  Tumors 
from  a  Clinical  Standpoint.     By  John  B.  Hamilton,  m.d.,  ll.d.,  late  Professor  of 
Surgery  in  Rush  Medical  College,  Chicago  ;  Professor  of  Surgery,  Chicago  Polyclinic ; 
Surgeon  Presbyterian  Hospital,  etc.     Third  Edition,  Revised.     With  New  Illustra- 
tions.    i2mo.  Cloth,  |i.2$ 

Hansell  and  Reber.     Muscular  Anomalies  or  the  Eye. 

By  Howard  F.  Hansell,  a.m.,  m.d.,  Clinical  Professor  of  Ophthalmology*,  Jefferson 
Medical  College  ;  Professor  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic,  etc. ;  and 
Wendell  Reber,  m.d..  Instructor  in  Ophthalmology,  Philadelphia  Polyclinic,  etc. 
With  I  Plate  and  28  other  Illustrations.     i2mo.  Cloth,  I1.50 

Hansell  and  Bell.     Clinical  Ophthalmology. 
By  Howard  F.  Hansell,  a.m.,  m.d.,  and  James  H.  Bell,  m.d.     With  Colored  Plate 
of  Normal  Fundus  and  120  Illustrations.     i2mo.  Cloth,  I1.50 

Hare.     Mediastinal  Disease. 

The  Pathology,  CHnical  History,  and  Diagnosis  of  Affections  of  the  Mediastinum 
other  than  those  of  the  Heart  and  Aorta.  By  H.  A.  Hare,  m.d..  Professor  of 
Materia  Medica  and  Therapeutics  in  Jefferson  Medical  College.     8vo.      Illustrated. 

Cloth,  $2.00 

Harlan.     Eyesight 
and  How  to  Care  for  It.     By  George  C.  Harlan,  m.d..  Professor  of  Diseases  of 
the  Eye,  Philadelphia  Polyclinic.     Illustrated.  Cloth,  .40 

Harris'  Principles  and  Practice  of  Dentistry. 
Including  Anatomy,  Physiology,  Pathology,  Therapeutics.  Dental  Surger>',  and 
Mechanism.  By  Chapin  A.  Harris,  m.d.,  d.d.s.,  late  President  of  the  Baltimore 
Dental  College  ;  Author  of  ' '  Dictionary  of  Medical  Terminology  and  Dental  Sur- 
gery." Thirteenth  Edition,  Revised  and  Edited  by  Ferdinand  J.  S.  Gorgas, 
A.JI.,  M.D.,  d.d.s.,  Author  of  "Dental  Medicine;"  Professor  of  the  Principles  of 
Deital  Science,  Oral  Surgery,  and  Dental  Mechanism  in  the  University  of  Maryland, 
i^so  Illustrations.     11 80  pages.     8vo. 

Cloth,  $6.00  ;  Leather,  $7. 00 ;  Half  Russia,  58.00 

Dtcdonary  of  Dentistry. 

jciuding  Definitions  of  such  Words  and  Phrases  of  the  Collateral  Sciences  as 
Pertain  to  the  Art  and  Practice  of  Dentistr>'.  Sixth  Edition,  Rewritten,  Re- 
used, and  Enlarged.  By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s..  Author  of 
rental  Medicine  ;"  Editor  of  Harris'  "  Principles  and  Practice  of  Dentistry  ;" 
-  fifBCflr  of  Principles  of  Dental  Science,  Oral  Surgery,  and  Prosthetic  Dentistr)- 
-^  -^  r'niversity  of  Maryland.     Octavo.  Cloth,  $5.00;  Leather,  |6. 00 
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Hartridge.     Refraction. 

The  Refraction  of  the  Eye.  A  Manual  for  Students.  By  Gustavus  Hartridge, 
F.R.C.S.,  Senior  Surgeon  Royal  Westminster  Ophthalmic  Hospital;  Ophthalmic 
Surgeon  to  St.  Bartholomew's  Hospital,  etc.  105  Illustrations  and  Sheet  of  Test 
Types.     Eleventh  Edition,  Revised  and  Enlarged.    Just  Ready,  Cloth,  1 1.50 

On  the  Ophthalmoscope. 

A  Manual  for  Physicians  and  Students.    Fourth  Edition,  Revised.    With  Colored 
Plates  and  68  Wood-cuts.     i2mo.     Just  Ready.  Cloth,  1 1.50 

Hartshorne.     Our  Homes. 

Their  Situation,  Construction,  Drainage,  etc.  By  Henry  Hartshorne,  m.d.  Illus- 
trated. Cloth,  .40 

Hatfield.     Diseases  of  Children. 
By  Marcus  P.  Hatfield,  Professor  of  Diseases  of  Children,  Chicago  Medical  Col- 
lege.    With  a  Colored  Plate.      Second  Edition.      Being  No.  14   f  Quis-Compend  t 
SsrUs.     i2mo.  Cloth,  .80  ;  Interleaved  for  the  Addition  of  Notes,  $1.00 

"  Dr.  Hatfield  seems  to  have  most  thoroughly  appreciated  the  needs  of  students,  and  most 
excellently  has  he  condensed  his  matter  into  available  form.  It  is  in  accord  with  the  most  recent 
teachings,  and  while  brief  and  concise,  is  surprisingly  complete.  .  .  .  It  is  free  from  irritating 
repetition  of  questions  and  answers  which  mars  so  many  of  the  compends  now  in  use.  Written  in 
systematic  form,  the  consideration  of  each  disease  begins  with  its  definition,  and  proceeds  through 
the  usual  subheadings  to  prognosis  and  treatment,  thus  furnishing  a  complete,  readable  text-book." 
— Annals  of  Gynecology  and  Pediatry. 

Heath.     Minor  Surgery  and  Bandaging. 

By  Christopher  Heath,  f.r.c.s.,  Holme  Professor  of  Clinical  Surgery  in  Univer- 
sity College,  London.  Twelfth  Edition,  Revised  and  Enlarged  by  Bilton  Pollard, 
F.R.C.S.,  Surgeon  University  College  Hospital,  London.  With  195  Illustrations, 
Formulae,  Diet  List,  etc.     i2mo.  Cloth,  I1.50 

Practical  Anatomy. 
A  Manual  of  Dissections.     Eighth  London  Edition.     300  Illus.        Cloth,  I4.25 

Injuries  and  Diseases  of  the  Jaws. 

Fourth  Edition,  Edited  by  Henry  Percy  Dean,  m.s.,  f.r.c.s..  Assistant  Sur- 
geon London  Hospital.     With  187  Illustrations.     8vo.  Cloth,  I4.50 

Hedley.     Therapeutic  Electricity  and  Practical  Muscle  Testing, 

•By  W.  S.  Hedley,  m.d.,  m.r.c.s.,  in  charge  of  the  Electrotherapeutic  Department 
of  the  London  Hospital.     99  Illustrations.     Octavo.  Cloth,  I2.50 

Heller.     Essentials  of  Materia  Medica,  Pharmacy,  and  Prescription 
Writing. 
By  Edwin  A.  Heller,  m.d.,  Quiz-Master  in  Materia  Medica  and  Pharmacy  at  the 
Medical  Institute,  University  of  Pennsylvania.     i2mo.  Cloth,  #1.50 

Henry.     Anaemia. 
A  Practical  Treatise.     By  Fred'k  P.  Henry,  m.d..  Physician  to  Episcopal  Hospital, 
Philadelphia.  .  Half  Cloth,  .50 

Heusler.     The  Terpenes. 
By  Fr.  Heusler,   ph. p.,    Privatdocent  of  Chemistry  in  the  University  at   Bonn. 
Authorized  Translation  and  Revision  by  F.  J.  Pond,  PH.D.,  Assistant  Professor  of 
Chemistry,  Pennsylvania  State  College.  In  Press. 
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Hemmeter.     Diseases  of  the  Stomach.     Second  Edition. 

Their  Special  Patholog>',  Diagnosis,  and  Treatment.     \\  ins 

Analysis  of  Stomach  Contents,  Dietetics,  Surgery^  of  the  :  etc. 

Hemmeter,  m.d.,  philos.d.,  Professor  in  ihe  Medical  Dcpiuimtiit  of  the  \j\ 
of  Mar)  land  ;  Consultant  to  the  University  Hospital  ;  Director  of  the  Clinical 
ator>',  etc. ;  formerly  Clinical  Professor  of  Medicine  ai  the  Balumore  MrdjcaJ  CoUeKC, 
etc.     Second  Edition,    Enlarged  and  Thoroughly  Revised  and  in  parts  RewnHea. 
Colored  and  other  Illustrations.      Cloth,  56.cx>  ;  Leather.  I7.0Q  ;  Half  Russa,  |S, 

Diseases  of  the  Intestines. 
A  Complete  Systematic  Treatise  on  Diseases  of  the  Intesttocs,  including  thcif 
Special  Pathology,  Diagnosis,  and  Trealnient.  with  Sections  00  Anatomy 
Physiolog>%   Microscopic  and  Chemic   Examination  of  the  Inte^inal  Ci 
Secretions,  Feces,  and  Urine.     Intestinal  Bacteria  and  Parasites  ;  Surgery  cf  ibc' 
Intestines  ;  Dietetics,  Diseases  of  the  Rectum,  etc.   With  many  Kutl-page  FlatOi. 
Colored  and  other  Illustrations,  most  of  which  are  Original.     2  vola.     Octaro. 
Just  Ready\  VoL   I.     Cloth.  I5.00;  Sheep.  $6.00 

Vol.  II.     Cloth«  I $.00;  Sbeep„  ^6.00 
The  SicTioM  on  Anatomy  has  been  prepared  by  Dr.  J.  HoiJiis  SMrrH,  htmatmat 
Profc&5(>r  »od  DetDoastrator  of  AaatoiDy,  mad  Lecturer  on  Cli  Un)«cn«ir 

of  MiLO'land.  Baltimore.     The  Section  on  BACTicaiA  of  ir  tuu  ban 

prepared  by  Dr.  VVm,  Royal  Stokes,  A»*ociaie  Professor  of  P.  trrink^], 

and  Visiting  Pathologist  to  the  Univer^tty  Hospital,  UoiTenit^  t^,  bdltiaact. 

The  Section  on  Diseases  of  the  Rectum  has  been  pre;  %  TlloMM  C 

Maetin,  Professor  of  Proctology,  Cleveland  College  of  Pbysicians  wid  Sujj^eons.  Tutj 
Section  on  Examination  of  U»ine  and  Feces  has  been  preptred  by  Da.  HABKrj 
Aduui,  Demonstrator  of  Clinical  Pathology,  Associate  Professor  o^  D:»e«sei  oC 
Stomach  and  Intestines,  University  of  Maryland,  tialitmore.  TllE  iLLl'sTtATtOMS 
a  most  useful  and  pracdcal  series  of  pictures, — ^nearly  all  have  been  ri 
pathological  preparations  and  original  drawings,  a  few  being  printed  id  sev«ml 

Hewlett.     Manual  of  Bacteriology. 

By  R,  T.  Hewlett,  m.d.,  m.r.C-P.,  Assistant  Bacteriologist  Britisb  Institute  of  IVe-j 
ventive  Medicine,  etc.     With  75  Illustrations.     Second  Edition.  Re\ised.      im  /^Ji. 

Hollopeter,     Hay  Fever  and  Its  Successful  Treatment. 
By  W.  C.  Hollopeter,  a.m.,  m.d.,  Clinical  Professor  of  Pediatrics  in  the  Mi 
Chirurgical  College  of  Philadelphia  ;  Physician  to  the  Methodist  Episcopal.  Me(tia>^ 
Chii^rgical,  and  St.  Joseph's  Hospitals,  etc.    Second  Edition.     i2itio.       Cloth,  f  i,oo{ 

Holdcn's  Anatomy.     Seventh  Edition. 
A  Manual  of  the  Dissections  of  the  Human  Body.     By  John  Lasctok,   f.Ii. 
Surg:eon  to.  and  Lecturer  on  Anatomy  at,  St.  Bartholoniew's  Hospital 
Revised  by  A.  Hewson,  m.d.,  Demonstrator  of  Anatomy.  Jeffer&on  MedJCml  CoOq^ 
Philadelphia,  etc.    520  Illustrations.    Two  small  compact  volumes.    1 2roo.  Jtui  Rt*^. 

VoL    L     Scalp,  Face,  Orbit.  Neck.  Throat,  Thorax.  Upper  Extremity.     435  ps)^e&. 

153  Illustrations.  OU  Cloth« 

VoL  IL     Abdomen,   Perineum,   Lower   Ejctremity,   Brain.   Eye,    Ear.    M. 

GlaDd.  Scrotum,  Testes.     445  pa^es.'     167  Illustrations. 

ua  Cloth,  ft 
Human  Osteology. 

Comprising  a  Description  of  the  Bones,  with  Colored  DelineatioQf  of  the 
mcnts  of  the  Muscles.     The  General  and  Microscopical  Stnicturc  of  Botte 
its  Development,      Eighth  Edition.  Carefully   Revised.      Edited  by  Cha 
Stewart;  f.k.s..  and  R.  W.  Rxjd,  m*i>..  F.k.C.s.     With  Colored  Udkogn^^uc 
Plates  and  Numerous  lUustrations.  Cloth.  #5.7$ 

Landmarks. 

Medical  and  Surgical,     Fourth  Edition*     8vo.  Ooth,  ,751 
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Holland.     The  Urine,  the  Gastric  Contents,  the  Common  Poisons, 
and  the  Milk.     Illustrated. 

Memoranda  (Chemical  and  Microscopical)  for  Laboratory  Use.     By  J.  W.  Holland, 
M.D.,  Professor  of  Medical  Chemistry  and  Toxicology  in  Jefferson  Medical  College 

L    of  Philadelphia,     Sixth  Edition,  Enlarged.     Illustrated  and  Interleaved.     i2nio. 
Horwitz's  Compend  of  Surgery.  ^^°^'  ^'"^ 

Including  Minor  Surgery,  Amputations,  Bandaging,  Fractures,  Dislocations,  Surgical 
Diseases,  etc,  with  Differential  Diagnosis  and  Treatment.     By  Orville  Horwitz, 
B.s.»   M.D.,   Professor  of  Genito -Urinary  Diseases,    late   Demonstrator  of    Surgery, 
r   Jefferson  Medical  College,    Fifth  Edition.     167  Illustrations  and  98  Formulae.    i2mo, 
\  Ab.  g  f  Quh-Compeftd ?  Scries.  Cloth,  .80;  Interleaved  for  Notes.  %\.oq 

*^*  A  Spanish  translation  of  this  took  has  recently  been  published  in  Barcelona. 

Horsley.     The  Brain  and  Spinal  Cord, 
I         the  Structure  and  Functions  of.     By  Victor  A.   Horsley,  m.b.,  f.R/S.,  etc.,  As- 
f  sistant  Surgeon  University  College  Hospital,  London,  etc.     Illustrated.    Cloth,  ^2.50 

Hovell,     Diseases  of  the  Ear  and  Naso-Pharynx. 

I  A  Treatise  including  Anatomy  and  Physiology  of  the  Organ,  together  with  the  treat- 

^^  ment  of  the  affections  of  the  Nose  and  Pharynx  which  conduce  to  aural  disease.  By 
^B  T.  Mark  Hovell,  f.r.c.s,  (Edin.),  m.r.c.s.  (Eng.),  Aural  Surgeon  to  the  London 
^V    Hospital  for  Diseases  of  the  Throat,  etc.      128  lUus,     Second  Edition.     Cloth,  $5.50 

Humphrey.     A  Manual  for  Nurses,     Twenty-third  Edition, 

I  Including  General  Anatomy  and  Physiology,  Management  of  the  Sick-room,  etc.     By 

Laurence   Humphrey,   m.a.,  m.b.,  m.r.c.s.,  Assistant  Physician  to  Addenbrook's 
Hospital,  Cambridge,  England,    23d  Edition.     i2mo.    79  Illustrations.    Cloih,  $1.00 

Hughes  and  Keith.     Dissections,     Illustrated. 

A  Manual  of  Dissections  by  Alfred  W.  Hughes,  m,b.,  m.r.c.s.  (Edin.),  late  Pro- 
fessor of  Anatomy  and  Dean  of  Medical  Faculty,  King's  College.  London,  etc.,  and 
Arthur  Keith,  m.d..  Joint  Lecturer  on  Anatomy,  London   Hospital  Medical  Col- 
lege, etc.      In  three  parts,  with  many  Colored  and  other  Illustrations. 
L   Upper  and  Lower  Extremity.    38  Plates,  116  other  Illustrations, 


Just  Ready. 


Just  Ready, 

Cloth,  I3. 00 

Cloth,  I3.00 

///  Press, 

Sixth  Edition. 
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I  IL  Abdomen.    Thorax.     4  Plates,  149  other  Illus. 

III.   Head,  Neck,  and  Central  Nervous  System. 

Hughes.  Compend  of  the  Practice  of  Medicine. 
Giving  the  Synonyms,  Definition,  Causes,  Symptoms.  Patholog>%  Prognosis,  Diag- 
nosis, Treatment,  etc.,  of  each  Disease.  The  Treatment  is  especially  full  and  a 
number  of  valuable  Prescripiions  have  been  incorporated.  Sixth  Edition^  Revised 
and  Enlarged.  By  Daniel  E.  Hughes,  xM.d.,  Chief  Resident  Physician  Philadcl* 
phia  Hospital ;  formerly  Demonstrator  of  CUnical  Medicine  at  Jefferson  Medical 
College,  Philadelphia.     Being  Nos.  2  and j  fOu  12 -Compend  f  Series. 

Quiz-Compend  Edition,  in  two  Parts. 

Part  L — Continued,  Eruptive,  and  Periodical  Fevers,  Diseases  of  the  Mouth, 
Stomach,  Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  Blood,  etc.. 
Parasites,  etc.,  and  General  Diseases,  etc. 

Part  IL-^Physical  Diagnosis,  Diseases  of  the  Respiratory  System,  Circulatory 
System,  Dise.tscs  of  the  Brain  and  Nervous  System,  Mental  Diseases,  etc. 

Price  of  each  Part,  in  Cloth,  .^o ;  Interleaved  for  the  Addition  of  Notes,  $1.00 

Physicians'  Edition. 

In  one  volume,  including  the  above  two  parts,  a  Section  on  Skin  Diseases,  and 
an  Index.     Sixth  Revised  and  Enlarged  Edition.     62 j  pages. 

Full  Morocco,  Gilt  Edges,  Round  Corners,  I2.15 
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Kleen.     Diabetes  Mellitus  and  Glycosuria, 

Their  Diagnosis  and  Treatment.     By  Dk.  Emil  Kleen.     Octavo.  Clotli.  $3.50 

Knight.     Diseases  of  the  l^hroat, 
A  Manual  for  Students.     By  Charles  H.  Knigkt,  m.d.,  Professor  of  Laryngology* 
Cornell  L'niversity  Medical  College  ;  Surgeon  to  Throat  Department,  Manhattan  Eye 
and  Ear  Hospital,  etc.      Illustrated.  Nearly  Ready, 

Knopf.     Pulmonary  Tuberculosis.      Its  Modern  Prophylaxis  and  the 
Treatment  in  Special  Institutions  and  at  Home. 

By  5.  .-\.  Knupf.  m.u.,  Physician  to  the  Lung  Department  of  the  New  York  Throat 
and  Kosc  Hospiul ;  former  Assistant  Physician  to  Professor  Dcttweiler,  Falkenstein 
Sanatonum,  Germany,  etc.     Illustrated.     Octavo.  Cloth,  fj.oo 

Lake.     Laryngeal  Phthisis,  or  Consumption  of  the  Throat. 
By  Richard  Lake,  f.r.c.s,,  Surgeon  Laryngologist,   North  London   Hospital  for 
Consumption,  etc.;  Surgeon,  Metropolitan  Ear  and  Throat  Hospital;  Surgeon^  Royal 
Ear  Hospital ;  Surgeon  for  Diseases  of  the  Throat  and  Ear,  Trinity  College  of  Music. 
With  36  Illustrations,  20  of  which  are  Colored.  Cloth,  ^2.00 

Landis*  Compend  of  Obstetrics. 

Especially  adapted  to  the  Use  of  Students  and  Physicians.  By  HCSRY  G.  L\NI>1S. 
M.D.  Seventh  Edition,  Revised  by  Wm.  H-  Wells,  m.d.,  Demonstrator  of  Clinical 
Obstetrics,  Jefferson  Medical  College  ;  Member  Obsletrifal  Society  of  Philadelphia, 
etc.      With  52  Illustrations,      A<».  j  f  Qtiii- Compend  f  Series,     JuU  Ready, 

Cloth,  .80;  Interleaved  for  the  .Addition  of  Notes,  fl.oo 

Landois.     A  Text- Book  of  Human  Physiology. 

Including  Histology  and  Microscopical  Anatomy,  with  Special  Reference  to  the  Re- 
quirements of  Practical  Medicine.  By  Dr.  L.  Landois.  Professor  of  Physiology  and 
Director  of  the  F'hysiological  Institute  in  the  l^niversity  of  Greifswald.  Fifth  Ameri- 
can translated  from  the  last  German  Edition,  with  Additions,  by  Wm.  Stirlls'g, 
M.D.,  D.Sc.,  Brackcnbury  Professor  of  Physiology  and  Histology  in  Owens  College, 
and  Professor  in  X'^ictoria  University,  Manchester  ;  Examiner  in  Physiology  in  Uni- 
versity of  Oxford,  England.  With  845  Illustrations,  many  of  which  are  printed  in 
Colors.     Svo,  In  F^eu, 

Lane.     Surgery  of  the  Head  and  Neck. 
By  L.  C.  Lane,  a.m,,  m.d.,  m.r.c.s.  (Eng.),  Professor  of  Surgery  in  Coo|)cr  Medical 
College.  San  Francisco.     Second  Edition,  with  ilo  Illus.     Octavo.  Cloth,  I5.00 

Lazarus- Barlow.     General  Pathology. 
By  W.  S.   Lazarlts- Barlow,  m.d..  Demonstrator  of  Pathology  at  ihe  University  of 
Cambridge,  England.     795  pages.     Octavo.  Cloth,  I5.00 

Lee.     The  Microtomist's  Vade  Mecum.     Fifth  Edition. 

A  Handbook  of  the  Methods  of  Microscopic  Anatomy.  By  Arthur  Bolles  Lee, 
formerly  Assistant  in  the  Russian  Laboratory  of  Zoology  at  Villcfranche-sur-Mer  (Nice). 
8«>4  Articles,     Enlarged.  Revised,  and  Rearranged.      532  pages.     8vo.     Cloth,  14,00 

Letfmann  and  Beam.      Food  Analysis,     Illustrated, 

Select  McthcHls  in  Food  Analysis.  By  He.sry  Leffmanj*.  m.d..  Professor  of  Chem- 
istry*  in  the  Woman's  Medical  CMUtjc  of  Pennsylvania  and  in  the  Wagner  Free 
Instiiutcof  Science;   Pathologj*  1,  JctTcrson  Medical  College  Hospil.tl,  Phila- 

delphia; V'jce-Prcsidcnt  (190IJ  ublic  Analysts,  etc.;  and  Wjluam   Bj-\>i. 

A.II.     With  many  u&efttl  Tables.  4  plates  and  \y  other  IlUiitratioDs.     umo. 

Quth.  i*.sO 


American  Spiders  and  Their  Spinning  Work. 

itory  of  the  Orbweaving  Spiders  of  the  United  States.  By  Henry  C. 
.,  Vice-President  of  the  Academy  of  Natural  Sciences  of  Philadelphia  ; 
nological  Society  ;  Author  of  "The  Agricultural  Ants  of  Texas,"  etc. 
s.      Handsomely  Illustrated.  Cloth,  I40.00 

A  Trearise  on  Ruptures. 

F.  C.  H.  Macreadv.  f.r.cs.,  Surgeon  to  the  Great  Northern  Central 
he  City  of  London  Hospital  for  Diseases  of  the  Chest ;  to  the  City  of 
Society,  etc.     24  Full-page  Plates  and  Wood  Engravings.     Octavo. 

Cloth,  fe.oo 

Prophylaxis — Personal  Hygiene — Nursing  and  Care  of 


hysiologic  Therapeutics,  page  10. 

A  Manual  of  Embryology. 
IR  McMuRRJCH,  A.M.,  PH.D.,  Professof  of  Anatomy,  Medical  Depart 
niversity  of  Michigan,  Ann  Arbor.     Fully  Illustrated.  In  Pr^ss. 

trgical  Experiences  in  South  Africa,  1899— 1 900, 
a.  Clinical  Study  of  the  Effects  of  Injuries  Produced  by  Bullets  of  Small 
Geouge  Henry  Makins,  f.r.c.s.,  Surgeon  to  St.  Thomas's  Hospital, 
t  Lecturer  on  Surgery  in  the  Medical  School  of  St.  Thomas's  Hospital  ; 
e  Court  of  Examinei-s  of  the  Royal  College  of  Surgeons  of  England  ; 
of  the  Consulting  Surgeons  to  the  South  African  Field  Force.  With  25 
other  Illustrations.     Octavo.    Just  Ready.  Cloth,  $4.00 

ensic  Medicine  and  Toxicology. 

Makn,  M.D.,  F.R.c.p,,  Professor  of  Medical  Jurisprudence  and  Toxi- 
ns College,  Manchester  ;  Examiner  in  Forensic  Medicine  in  University 
c.      Illustrated.     Octavo.  Cloth,  J6.50 

lual  of  Psychological  Medicine 

srvous  Diseases.  Their  Diagnosis,  Pathology,  Prognosis,  and  Treat - 
\g  their  Medico-Legal  Aspects.  With  Chapter  on  Expert  Testimony  and 
r  the  Laws  Relating  to  the  Insane  in  all  the  States  of  the  Union.  By 
Iann,  m.d.     With  Ulustrations.     Octavo.  Cloth,  53.00 

hysiological  Diagrams,  Life  Size,  Colored. 

te  Diagrams  (each  7  feet  by  3  feet  7  inches).  Designed  for  Demon- 
e  the  Class.  By  John  Marshall,  f.r.s.,  f.r.c.s..  Professor  of 
ic  Royal  Academy  ;  Professor  of  Surger) .  University  College,  London, 
Sheets,  S40.00;  Backed  with  MusUn  and  .Mounted  on  Rollers,  |;6o.oo 
Ditto,  Spring  Rollers,  in  Handsome  Walnut  Map  Case.  Jjoo.oo 
e  Plates,  Sheets,  I5.00  ;   Mounted,  I7.50;  Explanatory  Key,  50  cents. 

Purchaser  must  pay  freight  charges. 
:  Skeleton  and  Ligaments.  No.  2 — The  Muscles  and  Joints,  with  Ani- 
No.  3— The  Viscera  in  Position.  No.  4^ — The  Heart  and  Principal 
Mo.  5 — ^The  Lymphatics.  No.  6 — The  Digestive  Organs.  No.  y^The 
cs.  Nos.  8  and  g — The  Organs  of  the  Senses.  Nos,  10  and  11 — The 
cture  of  the  Textures  and  Organs.     {Send  for  Special  Circular,) 

"erminologia  Medica  Polyglotta, 

i>ORE  Maxwell.     Octavo.         '  Cloth,  $3.00 

f  this  work  is  to  assist  the  medical  men  of  any  nationality  in  reading  inedical 
in  a  language  not  their  own.  Kach  tenn  is  usually  given  in  seven  languages, 
:nch,  Gerroan,  Italian^  Spanish,  Russian ^  and  Latin. 
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Maylard.     The  Surgery  of  the  Alimentary  Canal. 

By  Alfred  Ernest  Maylard,  m.b.,  b.s.,  Senior  Surgeon  to  the  Victoria  Infinnary. 
Glasgow.     Second  Edition.     97  Illustrations.     Octavo.  Cloth.  #3.00 

Mays'  Theine  in  the  Treatment  of  Neuralgia. 
By  Thomas  J.  Mays,  m.d.     i6mo.  %  bound.  .50 

Memminger.  Diagnosis  by  the  Urine. 
The  Practical  Examination  of  Urine,  with  Special  Reference  to  Diagnosis.  By 
Allard  Memminger,  m.d.,  Professor  of  Chemistry  and  Hygiene  ;  Clinical  Professor 
of  Urinary  Diagnosis  in  the  Medical  College  of  the  State  of  South  Carolina ;  Visiting 
Physician  ih  the  City  Hospital  of  Charleston,  etc.  Second  Edition,  Enlarged  and 
Revised.     24  Illustrations.     i2mo.  Cloth,  |i.oo 

Minot.     Embryology. 

A  Laboratory  Text-Book  of  Embryology.  By  Charles  S.  Minot,  S.d.,  ll.d..  Pro- 
fessor of  Histology  and  Human  Embryology,  Harvard  University  Medical  School. 
Illustrated.  Prtparing. 

Montgomery.     A  Text-Book  of  Practical  Gynecology. 
By  Edward  E.  Montgomery,  m.d..  Professor  of  Gynecology  in  Jefferson  Medical 
College,  Philadelphia  ;  Gynecologist  to  the  Jefferson  and  St.  Joseph's  Hospitals,  etc. 
527  Illustrations,  many  of  which   are  from  original  sources.     Soo  pages.     Octavo. 

Cloth,  #5.00 ;  Leather.  |;6.oo 
*^  This  is  a  systematic  modem  treatise  on  Diseases  of  Women.     The  author's 

aim  has  been  to  produce  a  book  that  will  be  thorough  and  practical  in  every  particular. 

The  illustrations,  nearly  all  of  which  are  from  original  sources,  have  for  the  most  part 

been  drawn  by  special  artists  who,  for  a  number  of  months,  have  devoted  their  sole 

attention  to  this  work. 

Morris.  Text-Book  of  Anatomy.  Second  Edition.  790  Illustra- 
tions, many  in  Colors. 
A  Complete  Text- Book.  Edited  by  Henry  Morris,  f.r.c.s.,  Surgeon  to,  and  Lxc- 
turer  on  Anatomy  at,  Middlesex  Hospital,  assisted  by  J.  Bland  Sutton,  f.r.c.s., 
J.  H.  Davies-Collev,  f.r.c.s.,  \Vm.  J.  Walsham,  f.r.c.s.,  H.  St.  John  Brooks. 
M.D.,  R.  Marcus  Gunn,  f.r.c.s.,  Arthur  Hensman,  f.r.c.s.,  Frederick  Tre\'E>, 
F.R.C.S.,  William  Anderson,  f.r.c.s.,  Arthur  Robinson,  m.d.,  m.r.c.s..  and 
Prof.  \V.  H.  A.  Jacobson.  One  Handsome  Octavo  Volume,  with  790  Illustrations, 
of  which  many  are  printed  in  Colors.      Thumb  Index  in  each  Copy. 

Cloth,  $6.00  ;  Leather,  $7.00 ;  Half  Russia,  58.00 

"  Of  all  the  text-books  of  moderate  size  on  human  anatomy  in  the  English  language,  Morris 
Ls  undoubtedly  the  most  up-to-date  and  accurate.  .  .  .  For  the  student,  the  suigeon,  or  for  the 
general  practiiioner  who  desires  to  review  his  anatomy,  Morris  is  decidedly  the  book  to  buy." — 

The  Philadelphia  Afedical Journal. 

Handsome  circular,  with  sample  pages  and  colored  illustrations,  will  be  sent  free 
to  any  address. 

Renal  Surger\^ 

With  Special  Reference  to  Stone  in  the  Kidney  and  Ureter,  and  to  the  Surjncal 
Treatment  of  Calculous  Anuria,  together  with  a  Critical  Examination  of  Sub- 
parietal  Injuries  of  the  Ureter.      Illustrated.     8vo.  Cloth,  52.00 

Mitchell  and  Gulick.     Mechanotherapy. 

Sec  CoHKN,  Physiologic  Therapeutics,  page  10. 

Morton  on  Refraction  of  the  Eye. 

Il-^  Diai^nosis.  and  the  Correction  of  its  Errors.  With  Chapter  on  Keratoscopy  and 
l\>i   I) pes.      By  .-\.  Morton,  .m.b.     Sixth  Edition,  Revised.  Cloth.  51.00 
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Moulltn,     Surger)^     Third  Edition,  by  Hamilton. 

A  Complete  Text-Book.  By  C,  \\\  Man^sell  Moitllin,  m,a.,  m.D,  (Oxon.).  f.rx.s., 
Surgeon  and  Lecturer  on  Physiology  to  the  London  Hospital  ;  formerly  Radcliffe 
Travcliii)^  Fellow  and  Fellow  of  Pembroke  College,  Oxford.  Third  American 
Edition,  Revised  and  Edited  by  the  late  John  B.  Hamilton,  m.d..  ll.d.,  Professor 
of  the  Principles  of  Surgery  and  Clinical  Surgery,  Rush  Medical  College.  Chicago ; 
Profcssdi  of  Surgery,  Chicago  Polyclinic  ;  Surgeon,  formerly  Supervising  Surgeon- 
General,  U.  S.  Marine  Hospital  Ser\ice  ;  Surgeon  to  Presbyterian  Hospital.  600 
Illustrations,  over  200  of  which  are  original,  and  many  of  which  are  printed  in 
Colors.     Royal  Octavo.      1250  pages. 

•^*  Circuiarfrte.  Cloth,  |6.oo  ;  Leather,  $7.00;  Half  Russia,  %%,K30 

Enlargement  of  the  Prostate. 

Its  Treatment   and    Radical    Cure.     Illustrated.     Second    Edition,    Enlarged. 
Octavo.  Cloth,  $1.75 

Inflammation  of  the  Bladder  and  Urinary  Fever. 

Octavo,  Cloth,  1 1. 50 

Murray.     Rough  Notes  on  Remedies, 

By  Wm.  Muhrav,  m.d,,  r,R.c,P»  (Lond,),  Consulting  Physician  Newcastle-on-Tync 
Hospital  for  Sick  Children.     Fourth  Edition,  Enlarged.     Crown  8vo.     Just  Ready, 

Cloth,  $1.25 

Muter.     Practical  and  Analytical  Chemistry* 
By  John  MirTEK,   f.k.s..   f.c.s.,  etc.     Second  American  from  the  Eighth  English 
Edition.     Revised  to  meet  the  Requirements  of  American  Medical  and  Pharma- 
ceutical Colleges,     56  Illustrations.  Qoth,  51.25 

New  Sydenham  Society  Publications. 

From  three  to  six  volumes  published  each  year.     Ust  9/  Vofumts  upon  applkuHon, 

Per  annum,  %%.oq 

Notter.     The  Theory  and  Practice  of  Hygiene.     Second  Edition. 

A  Complete  Treatise  by  J.  Lane  Notter.  m.a.,  m.d..  f.c.s.,  Fellow  and  Member 
of  Council  of  the  Sanitar>'  Institute  of  Great  Britain  ;  Professor  of  Hygiene.  Army 
Medical  School  ;  Examiner  in  Hygiene.  Universitj'  of  Cambridge,  etc. ;  and  W.  H. 
HoRROCKS,  M.D,,  H.  Sc.  (Lond.),  Assistant  Professor  of  Hygiene.  Army  Medical 
School,  Nctlcy.  lUu'strated  by  15  Uthographic  Plates  and  138  other  Illustrations, 
and  including  many  Useful  Tables.  Second  Edition.  Carefwlly  Revised.  Octavo. 
1085  pages.  Cloih,  57.00 

Oettel.     Practical  Exercises  in  Electro-Chemistry. 

By  Dm.  Fmlix  Oettel.  -\uthoriicd  Translation  by  Efi^iAii  V.  Smith  «  a  .  Professor 
of  Chemistry,  University  of  F*enn!&ylvania.     Illustrated.  Cloth,  .75 

Introduction  to  Electro-Chemical  Experiments. 
Illustrated.     By  same  Authur  and  Translator.  Cloth,  .75 

Ohlemann.     Ocular  Therapeutics  for  Physicians  and  Students. 

By  M.  Ohlemann,  m.d.,  Ute  Physician  in  the  Ophihalmological  Clinical  Institute, 
Royal  IVussian  University  of  Berlin,  etc.  Translated  and  Edited  by  CirARLES  A. 
<^L1VKR,  A.M..  M.D..  Attending  Surgeon  to  the  WiJIs  Eye  Hospital ;  Ophthalmic  Surgeon 
to  the  Philadelphia  and  to  the  Presbyterian  Hospitals.      i2m«.  Cloth,  Si. 75 

Ormcrod.     Diseases  of  Nervous  System. 

By  J.  A.  Ormprod,  M.D.  (Oxon.),  f.r.c.P.,  Physici.in  to  National  Hospital  for  the 

Pj-raly/ed  .ind  Epileptic.  London.      66  Wood  I'njr.iviiKTS.      limo.  Cloth,  <\  vw\ 
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Osgood.     The  Winter  and  Its  Dangers. 
By  Hamilton  Osgood,  m.d.  Cloih,  ,40^ 

Ostrom.     Massage  and  the  Original  Swedish  Movements. 
Their  Application  to  Various  Diseases  of  the  Body.     A  Manual  for  Students.  Nuiie$«i 
and  Physicians.     By  KirRRE  W.  Ostrom,   froni  the  Royal  University'  of  V\ 
Sweden,  Formerly  Insn%ictor  in  Massage  and  Swedish  Movements  in  t!ic  Hospital 
the  University  of  Pennsylvania  and   in  the  Philadelphia  PolycUnic  and  CoIl< 
Graduates  in  Medicine,  etc.      Fourth  Edition,  Enlarged.      105  Illustrations, 
which  were  drawn  especially  for  this  purpose.      1 2 mo.  Clodi, 

•*  In  this  volume  the  author  gives  an  excellent  description  of  the  methods  of 
Swedish  nnovemenls,  together  with  ihctr  appHcfthitity  to  various  diseased  conditioos  of  the  haifl 
The  methods  are  rapidly  becoming  popularized  in  our  own  country,  and  the  perusal  of  such  « 
OS  Mr.  Ostrom  has  writleo  will  be  of  great  advantage  to  physicians,  for  whose  use  it  li  naisif 
intended." — 7^Ae  Journal  of  the  American  Aledicat  Assodation. 

Packard*s  Sea  Air  and  Sea  Bathing, 
By  John  H.  Packard,  m.d.  Qotli,  ,4a 

Farkes.     Hygiene  and  Public  Health. 

A  Practical  Manual.  By  Louis  C.  Parkes,  m,d.,  d,p.h.  (Lond.  Univ.),  Lcctucr 
on  Public  Health  at  St/ George's  Hospital ;  Medical  Officer  of  Health  and  Pofck 
Analyst,  Borough  of  Chelsea,  London,  etc.;  and  Henry  Kenwood,  m.r.,  f.ca, 
Assistant  Professor  of  Public  Health,  University  College,  London,  etc.  Sixth  Editiot, 
Enlarged  and  Revised.     85  Illustrations.      i2mo.     Just  Ready.  Cloth.  !}.(• 

•*  The  style  is  good  ;  dry  facts,  laws,  and  statistics  are  put  in  such  a  way  thai  the  mderte 
not  tire  of  them  and  yet  finds  them  easy  to  remember.'* — University  Medical  Jiit^i 


The  Klements  of  Health. 
An  Introduction  to  the  Study  of  Hygiene.     Illustrated.  Qoth,  fisf 

"Tarsons.     Elementary  Ophthalmic  Optics. 

By  J.  Herbert  Parsons,  m.b.,  m.r.c.s..  Clinical  Assistant,  Royal  Londoo  Ophlktf- 
mic  Hospital.     With  Diagrammatic  lUustrations.     Just  Ready,  Ooth« 


Pershing.     The  Diagnosis  of  Nervous  and  Mental  Diseases. 

By  How^L-L  T.  Pershing,  m.d.,  Professor  of  Nervous  and  Mental  DiseaiKr-  m  iu 
L^niversity  of  Denver;    Neurologist  to  St.  Luke's  Hospital;  Consultant  in  Nen 
and  Mental  Diseases  to  the  Arapahoe  County  Hospital ;  Member  of  the 
Neurological  Association.     With  colored  and  other  illustrations.  Qotii,  $Ut\ 

Phillips.     Spectacles  and  Eyeglasses. 
Their  Prescription  and  Adjustment.     By  R,  J.  Phillips,  m.d.,  Instructor  in  Ehsea^o 
of  the  Eye,    Philadelphia  PolycUnic  ;  Ophthalmic  Surgeon,   Presbyterian   Hosfxtal 
Second  Edition.  Revised  and  Enlarged.     49  lUustrations.     i2mo.  Cloth.  51  co 

**  This  little  work  now  i^ipears  in  the  form  of  a  revised  second  editioa.     It  is  of  ccavtawsl 
sise  and  i&  excellcDtly  printed.     The  book  is  issued  «s  an  aid  to  tbo^  who  prescaribe  «ftd 
sell    eyef^tasses  and  spectacles,  for  the  purpose  of  enabling  ibcm  to  reach  the 
and  beneficial  results  in  the  adjostmeot  of  lenses  to  the  eyes  of  patients^     Suaoe  the  proper 
tnent  of  spectacles  and  eyeglasses  is  of  rery  great  importance,  it  is  denntile  that  tile  ivl 
SUggostioQS  contained  in  tbts  little  Tolome  shonld  be  familiar  to  CTerr  oadist  amA  -"l^fTJli 
Medkml  R«€*rd,  New  Ytrk. 

**  This  exceUent  mantial,  which  has  received  its  second  edition^  coadnnes  te  be  Ike 
on  the  subject  of  which  it  treats      It  shotdd  be  read  by  cTcry  one  who  is  biicratad  in 
hnpottant  portiou  of  the  ophthalmic  saxgeoo's  work— the  snperrisioa  of  the  prapo* 
MMCtades.     It  is  doubly  nsefn)  for  those  pracdtiooers  of  ofdithalmology  who  are  1 
lie  tefvices  of  a  skilled  optidar).  ** —  71^  Am*rumm  Jmtrmmi  tf  tke  Meduml  Srinuxy, 
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Perpetual  Edition, 

without  Dates  and  with  Special  Memorandum  Pages. 

For  25  Patients,  Interleaved,  Tucks,  Pocket,  and  Pencil,  $1*25 
For  50  Patients,  Interleaved,  Tucks,  Pocket,  and  Pencil,  I1.50 

Monthly  Edition,  without  Dates. 

Can  be  commenced  at  any  time  and  used  until  fiilL     Requires  only  one  u-riting 
of  patient's  name  for  the  whole  month. 
Plain  binding,  without  Flap  or  Pencil,  .75  :  Leather  cover,  Pocket  and  Pencil,  $1.00 

Extra  Pencils 
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Uirability,  and  convenience.     It  is  made  in  all  sizes  and  styles  to  meet  the  wants  of  all 
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'Otter,     A   Handbook  of  Materia  Medica,  Pharmacy,  and  Thera- 
peutics.    Eighth  Edition,  Enlarged. 

Including  the  Action  of  Medicines.  Special  Therapeutics  of  Disease,  Official  and 
Practical  Pharmacy,  and  Minute  Directions  for  Prescription  Writing,  etc.  Including 
over  600  Prescriptions  and  Formula:.  By  Samuel O.  L.  Potter,  m.a.,  m.d.,  m.r.cp. 
(Lond.),  formerly  Professor  of  the  Principles  and  Practice  of  Medicine,  Cooper  Medical 
College,  San  Francisco  ;  Major  and  Brigade  Surgeon,  U.  S.  Vol.  Eighth  Edition, 
Revised  and  Enlarged.  8vo.  950  pages.  Just  Ready. 
With  Thumb  Index  in  each  copy.     Cloth,  $5,00  ;  Leather,  16.00  ;  Half  Russia,  J!7.oo 

Compend  of  Anatomy,  including  Visceral  Anatomy. 

Sixth   Edition,   Revised  and  greatly  Enlarged.     With    16  Lithographed   Plates 
and  H7  other  Illustrations,     Being  No.  /  fflui^-Cotnpendf  Series, 

Cloth,  .80  ;  Interleaved  for  Taking  Notes,  Jl.oo 


Materia   Medica,   Therapeutics,  and    Prescription 


Compend   of 
Writing. 

With  special  Reference  to  the  Physiological  Action  of  Drugs.     Sixth  Revised  and 
Improved  Edition,  with  Index.     Being  No.  6  fQuiz-Cmnpend  f  Series. 

Cloth,  ,80  ;  Interleaved  for  Taking  Notes,  $1.00 
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Potter.     Speech  and  Its  Defects. 
Considered  Physiologically,  Pathologically,  and  Remedially  ;   being  the  Let  Pritt 
Thesis  of  Jefferson  Medical  College,  1882.     Revised  and  Corrected.        Qoth.  $i.qo 

Power.     Surgical  Diseases  of  Children 
and   their  Treatment  by  Modern  Methods.     By  D'Arcy  Power,    m.a.,    F.R.C.S. 
(Eng.),   Demonstrator  of  Operative  Surgery,  St.  Bartholomew's  Hospital ;  Surgeon 
to  the  Victoria  Hospital  for  Children.     Illustrated.     i2mo.  Qoth,  |2. 50 

Preston.     Hysteria  and  Certain  Allied  Conditions. 

Their  Nature  and  Treatment.  With  Special  Reference  to  the  Application  of  the  Rest 
Cure,  Massage,  Electrotherapy,  Hypnotism,  etc.  By  George  J.  Preston,  M.D., 
Professor  of  Diseases  of  the  Nervous  System,  College  of  Physicians  and  Surgeons. 
Baltimore  ;  Visiting  Physician  to  the  City  Hospital ;  Consulting  Neurologist  to  Bay 
View  Asylum  and  the  Hebrew  Hospital ;  Member  American  Neurological  Associa- 
tion, etc.     Illustrated.     i2mo.  Cloth,  $2.00 

Pritchard.     Handbook  of  Diseases  of  the  Ear. 

By  Urban  Pritchard,  m.d.,  f.r.c.s.,  Professor  of  Aural  Surgery,  King's  College, 
London ;  Aural  Surgeon  to  King's  College  Hospital ;  Senior  Surgeon  to  the  R(^ 
Ear  Hospital,  etc.     Third  Edition.     Many  Illustrations  and  Formulae.      Cloth,  I1.50 

Proctor's  Practical  Pharmacy. 
Lectures  on  Practical  Pharmacy.     By  Barnard  S.  Proctor.     Third  Edition,  Ite-    '. 
vised.    With  Elaborate  Tables  of  Chemical  Solubilities,  etc.    Illustrated.    Qoth,  $3.00    y 

Reese's  Medical  Jurisprudence  and  Toxicology. 

A  Text-Book  for  Medical  and  Legal  Practitioners  and  Students.  By  John  J.  Rees. 
M.D.,  Editor  of  •*  Taylor's  Jurisprudence,"  formerly  Professor  of  the  Principles  and 
Practice  of  Medical  Jurisprudence,  including  Toxicology,  in  the  University  of  Pttinsyl- 
vania  Medical  Department.  Fifth  Edition,  Revised  and  Edited  by  Henry  Leffmaxs. 
M.D.,  Pathological  Chemist,  Jefferson  Medical  College  Hospital ;  Chemist,  State  Boaid 
of  Health  ;  Professor  of  Chemistrj-,  Woman's  Medical  College  of  Pennsylvania,  etc. 
i2mo.     645  pages.  Cloth,  53-00  ;  Leather,  J3. 50 

"To  the  student  of  medical  jurisprudence  and  toxicolog)' it  is  invaluable,  as  it  is  coodse, 
clear,  and  thorough  in  every  respect.'' — The  Anterican  Journal  of  the  Medical  Sciences. 

Reeves.     Medical  Microscopy. 

Including  Chapters  on  Bacteriolog>%  Neoplasms,  Urinary  Examination,  etc.  By 
James  E.  Reeves,  m.d.,  ex-President  American  Public  Health  Association,  etc. 
Numerous  Illustrations,  some  of  which  are  printed  in  Colors.      i2nio.       Cloth,  |2.)0 

Regis.     Mental  Medicine. 

A  Practical  Manual.  By  Dr.  E.  R^,gis.  formerly  Chief  of  Clinique  of  Mental  Dis- 
eases, Faculty  of  Medicine  of  Paris.  Authorized  Translation  by  H.  M.  Bannisto, 
M.D.,  late  Senior  Assistant  Physician,  Illinois  Eastern  Hospital  for  the  Insane,  etc. 
With  an  Introduction  by  the  Author.      i2mo.  Cloth,  $2.00 

Richardson.     Long  Life 

and  How  to  Reach  It.  By  J.  G.  Richardson,  formerly  Professor  of  Hygiene,  Uni- 
versity of  Pennsylvania.  Cloth,  .40 

Rockwood.     Chemical  Analysis. 

Introduction  to  Chemical  Analysis  for  Students  of  Medicine,  Pharmacy,  and  Dcntistn'. 
By  Elbert  W.  Rockwood,  11. s.,  m.d.,  Professor  of  Chemistr>',  Toxicology,  and 
Metallurgy  in  the  Colleges  of  Medicine,  Dentistry,  and  Pharmacy,  University  of  lom, 
Iowa  City'.      Illustrated.  '  Cloth,  II.50 
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ichardson's  Mechanical  Dentistry. 

A  Practical  Treatise  on  Mechanjcal  Dentistry.  By  Joseph  Richardson,  D.D.s. 
Seventh  Edition,  Thoroughly  Revised  and  in  many  parts  Rewritten  by  Gko.  W» 
Warren,  a.m.,  d.u.s.,  lYofessor  of  Clinical  Dentistry  and  Oral  Surgery  ;  Chief  of 
the  Clinical  Staff,  Pennsylvania  College  of  Dental  Surgery,  Philadelphia.  With  691 
Illustrations.     Octavo.     675  pages.  Cloth,  $5.00 ;  Leather,  $6.00 

ichter's  Inorganic  Chemistry. 

A  Text-Book  for  Students.  By  Prof.  Victor  von  Richtf.r,  University  of  Breslau. 
Fifth  American  from  Tenth  German  Edition  by  Prof.  H.  K linger,  University  of 
K<knigsberg.  Authorixed  Translation  by  Edgar  F.  Smith,  m.a,.  ph.d..  Sc.d,, 
Professor  of  Chemistry,  University  of  Pennsylvania  ;  Member  of  the  Chemical  Society 
of  Berhn.  etc.    With  many  Illustrations  and  a  Colored  Plate,     iznio.       Cloth,  $1.75 

Organic  Chemistry* 

The  Chemistry  of  the  Carbon  Compounds.  Third  American  Edition.  Translated 
from  Prof.  AnschOtz's  Eighth  German  Edition  by  Edgar  F.  S.mith,  m.a., 
PH.D.,  Sc.d..  Professor  of  Chemistr>*,  University  of  Pennsylvania.  Revised 
and  Enlarged,     Illustrated.      \  imo.     Two  volumes. 

Vol.    I.     Aliphatic  Series.     625  pages.  Cloth,  $3.00 

Vol.  IL     CarbocycUc  and  Heterocychc  Series.     671  pages.  Cloth,  S300 

oberts.     Gynecological  Pathology. 

Gynecological  Pathology.  By  Charles  Huriiert  Roberts,  m.d.,  f.r.c.s..  m.r.c.p., 
Physician  Queen  Charlotte's  Lying-in  Hospital  and  to  the  Samaritan  Hospital  for 
Women  ;  Demonstrator  of  Practical  Midwifery  and  Diseases  of  Women,  and  House 
Surgeon  St.  Bartholomew's  Hospital,  London.  Elaborately  Illustrated  with 
127  Full-Page  Plates  containing  151  Figures,  several  being  primed  in  Colors. 
Octavo.     Jusf  Ready.  Extra  Cloth,  Gilt  Top,  j^6.oo 

Robinson.     Latin  Grammar  of  Pharmacy  and  Medicine. 

By  D.  H.  Robinson,  ph.d..  Professor  of  Latin  Language  and  Literature.  University 
of  Kansas.  Introduction  by  L.  E.  Savre,  PH.G..  Professor  of  Pharmacy  and 
Dean  of  the  Department    of   Pharmacy  in  University  of   Kansas.     Third  Edition, 

Revised  with  the  help  of  Prof.   L.   E.  Sayre,  of  University  of  Kansas,  and  Dr. 

^K  Charles  Rice,  of  the  College  of  Pharmacy  of  the  City  of  New  York.  Cloth»  $1.7^ 
^^P  **  This  method  of  preparing  medic&l  students  and  pharmacists  for  a  practical  use  of  the  Inn- 
I  ?^*g*  is  in  cvcr>'  way  to  be  commended.  .  .  .  Pharmacists  should  know  enough  to  read  pre- 
I       smplions  readily  and  understand  ingly.**^—y<?A#«  IJ<*pkins  Hospihtl  Bulletim, 

St.  Clair.     Medical  Latin. 

Designed  Expressly  for  the  Elementary'  Training  of  Medical  Students,  By  W.  T. 
St.  Clair,  Instructor  in  Latin  in  the  Kentucky  School  of  Medicine  and  in  the  Louis- 
ville Male  High  School,      lamo.  Cloth,  $1.00 

Sayre.     Organic  Materia  Medica  and  Pharmacognosy, 

An  Introduction  to  the  Study  of  the  Vegetable  Kingdom  and  the  Vegetable  and 
Animal  Drugs.  Comprising  the  Botanical  and  Physical  Characteristics,  Source, 
Constituents,  Pharmacoposial  Preparations  ;  Insects  Injurious  to  Drugs,  and  Phar- 
macal  Botany.  By  L.  E.  Savre,  b.s.,  ph.m.,  Dean  of  the  School  of  Pharmacy  and 
Professor  of  Materia  Medica  and  Pharmacy  in  the  University  of  Kansas  ;  Member 
Committee  of  Revision  of  the  United  States  Pharmacopoeia,  etc.  With  Sections  on 
Histology  and  Microtechnique  by  William  C.  Stevens,  Professor  of  Botany  in  the 
University  of  Kansas.  Second  Edition,  Revised  and  Enlarged.  With  374  Illustra- 
tions, the  majority  of  which  are  from  Original  Drawings.     8vo.  Cloth,  I4.50 

Schamberg.     Compend  of  Diseases  of  the  Skin, 

By  JAY  F.  .Schamberg,  Professor  of  Diseases  of  the  Skin.  Philadelphia  Polyclinic  ; 
Fellow  of  the  College  of  Physicians  of  Philadelphia ;  Quiz-Master  at  University  of 
Pennsylvania.  Second  Edition,  Revised  and  Enlarged,  105  Illustrations,  f  Quiz- 
Compendf  Stries,  No.  16.  Cloth,  ,80;    Interleaved,  $1.00 
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Schreiner.     Diet  List.  I 

Arranged  in  the  Form  of  a  Cliart  on  which  Articles  of  Djtt  -  ar  1  '.  It  ii  ^'c  :  f  r  «f 
Disease.  By  E.  R.  Schreiner,  m.d.,  Assistant  Dernon-tMt  r  i  lu--  ..  j  ,,>,  L  i, 
versity  of  Pennsylvania.     Put  up  in  Pads  of  50  with  Pamphlet  of  b|iecmicn  DtetJflj 

rtr  P3i4| 

Scott.  The  Urine:  Its  Chemical  and  Microscopical  Examination. 
Dy  LiNDLEY  Marcropt  Scoit,  M.A.,  M.D..  etc.  With  41  Colored  llaics  mnd  afih< 
Illustrations.     Quarto.  Cknh,  fj.c 

Scoville.     The  Art  of  Compounding.     Second  Edition.  ■ 

A  Text-Book  for.  Students  and  a  Reference  Book  for  PhArmacista.  Fij  WjlbMiu 
Scoville,  ph.Ct.»  Professor  of  Applied  Pharmacy  and  Director  of  the  Pbanitaccutic 
Laboratory  in  the  Massachusetts  College  of  Pharmacy.  Second  Edition.  Knlafni 
and  Improved.  Cloth,  #2,50;  Sheep,  15,50;   Half  Ru»%iji.  54-5© 

Self- Examination  for  Medical  Students. 

3500  Questions  on  Medical  Subjects,  with  the  proper  References  to  StandArd 
in  which  replies  may  be  found,  and  including  Complete  Sets  of  f^uestions  from 
recent  State  Board  Examinations  of  Pennsylvania,  Illinois,  and  New  York. 

Paper,   to  C9a^ 

Sheild.      Lectures  on  Nasal  Obstruction. 

By  A.  MARMAiitKR  SiiEiLD.  M.h.  (Camb.),  j-\kx.5^.  (Eng).  Surgeon  to  St,  Georig«1 
Hospital,  London^  and  Surgeon-in-Charge  of  the  Throat  beparimcm  ;  Ute  Ai 
Surgeon,  Lecturer  on  Operative  Surger>',  and  Aural  Surgeon,  Chanog  Cross  Hcivpttal? 
With  I  Colored  Plate  and  27  Illustrations  in  the  TcxL  Qoth.  ii.50 

Shuttleworth.     Mentally  Deficient  Children. 

Their  Treatment  and  Trainings     By  George  E«   SHUTTLF.ttORTM,  it.i>..  M.stx. 
Medical  Examiner  of  Defective  Children,   School  Board  of  London  ;  late   M< 
Superintendent  Royal  Albert  Asylum  for  Idiots,  etc.     Second  Edition,  Revised. 

Cloth,  ^i.i 
Smith.     Abdominal  Surgery,     Sixth  Edition. 

Being  a  Systematic  Description  of  all  the  Principal  Operations.     By  J,  Gfieio  SJll 
M.A..  F.R.S.E..  Surgeon  to  British  Royal  Infirmary.     224  Illustrations.     Sixth 
Enlarged  and  Thoroughly  Revised  by  James  Swain,  m.m.   (Lond,),  F.R.CiL. 
fessor  of  Surgery,  University  College,  Bristol,  etc.     Two  vols,     8vo.      Cloth,  f  10,1 

Smith.     Electro-Chemical  Analysis. 

By    E[>GAR   F.    Smith,   m.a.,  PH.d.,  Sc.d.,  Professor   of  Chemistry,    University 
Pennsylvania.     Second  Edition,  Revised  and   Enlarged.     27  lUustratioRs.      izmo. 

Cloth.  11,35 
*^*  This  book  has  been  translated  and  published  in  both  Germany  and  Fnuicc. 

Smith  and  Keller.     Experiments. 

Arranged   for  Students  in  General  Chemistry.     By  Edgar  F,  Smith,  m.A*. 

sc.D.,  FYofessor  of  Chemistry.  University  of  Pennsylvania,  and  Dk.  H.  F.  Ki 
Professor  of  Chemistry,  Philadelphia  High  School.  Fourth  Revised  Edition. 
Illustrated.  Ooth. 

Smith.     Dental  Metallurgy. 

A  Manual.     By  Ek.vest  A.  Smith,  p.c.s..  Assistant  Instructor  to  Metadlui:^.  R< 
College  of  Science.  London.     Illustrated.      i2mo.  Ooth.  f  1, 

Smith.     Wasting  Diseases  of  Infants  and  Children* 
By   EiTSTACE  Smith,   m.d.,  f.r.c.p..   Physician  to  the  East  London   Hospital 
jCbildren,  etc.     Sixth  Edition.  Revised.  Clouu  $t. 
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karling.     Elements  of  Human  Physiology. 

-■  By  Ernest  H.  Starling,  m.d.  (Lond.),  m.r.c.p..  Joint  Lecturer  on  Physiology  at 
'Guy's  Hospital,  London,  etc.     With  loo  Illus.     i2mo.     437  pages.       Cloth,  |i.oo 

Itarr.     The  Digestive  Organs  in  Childhood. 
The  Diseases  of  the  Digestive  Organs  in  Infancy  and  Childhood.     By  Louis  Starr, 
M.D.,  late  Clinical  Professor  of  Diseases  of  Children  in  the  Hospital  of  the  University 
of   Pennsylvania ;     Physician    to    the    Children's   Hospital,    Philadelphia.      Third 
Edition,  Revised  and  Enlarged.     Illustrated.     Octavo.    Just  Ready,       Cloth,  $3.00 

The  Hygiene  of  the  Nursery. 

Including  the  General  Regimen  and  Feeding  of  Infants  and  Children,  and  the 
Domestic  Management  of  the  Ordinary  Emergencies  of  Early  Life,  Massage,  etc. 
Sixth  Edition,  Enlarged.     25  Illustrations.     i2mo.  Cloth,  $1.00 

*^*  General  and  specific  rules  for  feeding  are  given,  and  Diet  Lists  from  the  first 
ireek  up  to  the  eighteenth  month,  with  various  recipes  for  artificial  foods,  peptonized 
nilk,  etc.  Directions  for  the  sterilization  of  milk,  substitutes  for  milk,  preparation  of 
isod  for  both  well  and  sick  children,  nutritious  enemata,  etc. ,  and  the  general  manage- 
ment of  the  Nursery. 

Stearns.     Lectures  on  Mental  Diseases. 

By  Henry  Putnam  Stearns,  m.d.,  Physician-Superintendent  at  the  Hartford  Retreat ; 
Lecturer  on  Mental  Diseases  in  Yale  University.  With  a  Digest  of  Laws  of  the 
Various  States  Relating  to  Care  of  Insane.     Illustrated.    Cloth,  $2.75  ;  Sheep,  I3.25 

Steell.     The  Physical  Signs  of  Pulmonary  Disease. 

By  Graham  Steel,  m.d.,  f.r.c.p..  Physician  to  the  Manchester  Royal  Infirmary; 
Lectiu*er  on  Clinical  Medicine  and  on  Diseases  of  the  Heart  at  Owens  College. 
Illustrated.  Cloth,  I1.25 

Stevenson  and  Murphy.     A  Treatise  on  Hygiene. 

By  Various  Authors.  Edited  by  Thomas  Stevenson,  m.d.,  f.r.c.p..  Lecturer  on 
Chemistry  and  Medical  Jurisprudence  at  Guy's  Hospital^  London,  and  Shirley  F. 
Murphy,  Medical  Officer  of  Health  to  the  County  of  London.  In  three  octavo 
volumes. 

Vol.     I.     With  Plates  and  Wood  Engravings.     Octavo.  Qoth,  $6.00 

Vol.    II.     With  Plates  and  Wood  Engravings.     Octavo.  Cloth,  16.00 

Vol.  III.     Sanitary  Law.     Octavo.  Cloth,  $5.00 

*^  Special  Circular  upon  application, 

Stewart's  Compend  of  Pharmacy. 

Based  upon  "Remington's  Text-Book  of  Pharmacy."  By  F.  E.  Stewart,  m.d., 
PH.G.,  late  Quiz-Master  in  Chemistry  and  Theoretical  Pharmacy,  Philadelphia  College 
of  Pharmacy  ;  Lecturer  on  Pharmacology,  Jefferson  Medical  College.  Fifth  Edition. 
Complete  Tables  of  Metric  and  English  Weights  and  Measures.  ?  Quiz- Compend  f 
Series,  Cloth,  .80  ;  Interleaved  for  the  Addition  of  Notes,  |i.oo 

Stirling.     Outlines  of  Practical  Physiology. 

Including  Chemical  and  Experimental  Physiology,  with  Special  Reference  to  Practical 
Medicine.  By  W.  Stirling,  m.d.,  scd..  Professor  of  Physiology  and  Histology, 
Owens  College,  Victoria  University,  Manchester ;  Examiner  in  Physiology,  Univer- 
sities of  Edinburgh  and  London.     Third  Edition.     289  Illustrations.       Cloth,  $2.00 

Outlines  of  Practical  Histology. 

368  Illustrations.  Second  Edition,  Revised  and  Enlarged.  With  new  Illustra- 
tions.    i2mo.  Cloth,  I2.00 
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Tavera.      Medicinal  Plants  of  the  Philippines. 

By  T.  H.  Pardo  de  Taveka,  Doctor  of  Medicine  in  Faculty  of  Paris  ;  Scientific 
Commissioner  S.M,  in  Philippine  Islands,  etc.  Translated  and  Revised  by  Jerome 
B.  Thomas,  Jr.,  a.b..  m.d.,  Captain  and  Assistant  Surgeon  United  States  Volunteers. 

Clotli,  $2.00 

Taylor.     Practice  of  Medicine. 

iBy  Frederick  Taylor,  m,d.,  Physician  to,  and  Lecturer  on  Medicine  at,  Guy's 
Hospital,  London  ;  Physician  to  Evelina  Hospital  for  Sick  Children.  Sixth  Edition, 
Revised,     /usf  Rdady.  Cloth,  54.00 

Taylor  and  Wells.     Diseases  of  Children.     Illustrated. 

A  Manual  for  Students  and  Physicians.  By  John  MAr>isoN  Taylor,  A- m,,  M.D., 
Professor  of  Diseases  of  Children,  Philadelphia  Polyclinic  ;  Pediatrist  to  the  Philadel- 
phia Hospital  ;  Assistant  Physician  to  the  Children's  Hospital  ;  Consulting  Physician 
to  the  Elwyn  and  the  Vineland  Training  Schools  for  Feeble-minded  Children  ; 
Neurologist  to  the  Howard  Hospital,  etc.;  and  William  H,  Weli^.  m.d.,  Adjunct 
Professor  of  Obstetrics  and  Diseases  of  Infancy  in  the  Philadelphia  Polyclinic ; 
Demonstrator  of  Clinical  Obstetrics^  Jefferson  Medical  College  ;  Chief  Gynecologist, 

IMt.  Sinai  Hospital.  With  Numerous  Illustrations.  Second  Edition,  Revised  and 
Enlarged.     Octavo.  Cloth,  I4. 50 

Temperature  Charts 

for  Recording  Temperature,  Respiration,  Pulse,  Day  ot  Disease,  Date,  Age,  Sex, 
Occupation.  Name,  etc.  Put  up  in  pads  ;  each  .50 

Thayer.     Compend  of  General  Pathology. 

Specially  adapted  for  Medical  Students  and  Physicians.  By  A.  E.  Thayer,  m.d., 
Assistant  Instructor  in  Pathology,  Cornell  Medical  School  ;  Pathologist  to  the  City 
Hospital,  New  York  City,  etc.  Illustrated.  No.  i^  ?  Quiz- Compend?  Series,  izmo. 
Just  Ready,  Cloth.  .80  ;  Interleaved  for  Notes,  III. 00 

[         Compend  of  Special  Pathology.     Illustrated, 

I  Ai^,  iS  ?Qif  12- Com Jti-nd?  Series.  Cloth,  .80;  Interleaved,  $1.00 

Thorington.      Retinoscopy,      Fourth  Edition. 

(The  Shadow  Test)  in  the  Determination  of  Refraction  at  One  Meter  Distance  with 
the  Plane  Mirror.  By  James  TiiORfNGTON,  a,m,,  m.d,,  Professor  of  Diseases  of  the 
Eye  in  the  Philadelphia  Polyclinic  ;  Ophthalmologist  to  the  Elwyn,  Vineland,  and 
New  Jersey  State  Training  Schools  for  Feeble-minded  Children  ;  Lecturer  on  the 
Anatomy,  Physiology,  and  Care  of  the  Eyes  in  the  Philadelphia  Manual  Training 
Schools,  etc.  51  Illustrations,  several  of  which  are  Colored.  Fourth  Edition,  En- 
1        Urged.      i2mo.  Cloth,  51,00 

I         Refraction  and  How  to  Refract.     Second  Edition. 

^B         With  200  Illustrations,  most  of  which  are  made  from  Original  Drawings,  and 
^K         13  of  which  are  in  Colors.     Second  Edition,  Revised,     i2mo.  Cloth,  J  1.50 

^B  Synopsis  of  Coi^ents. — L  Optics.      H.  The  Eye;  The  Standard  Eye; 

^^         Cardinal  Points  ;  Visual  Angle  ;  Minimum  Visual  Angle  ;  Standard  Acuteness  of 
Vision  ;   Size  of  Retinal  Image,  Accommodation  ;  Mechanism  of  Accommoda- 
tion ;  Far  and  Near  Point ;  Determination  of  Distant  Vision  and  Near  F*oini  ; 
Amplitude  of  Accommodation  ;    Convergence  ;  Angle  Gamma  ;   Angle  Alpha. 
HL   Ophthalmoscope;  Direct  and  Indirect  Method.     IV.   Emmetropia  ;   Hyper- 
opia ;  Myopia.     V .  Astigmatism  or  Curvature  Ametropia  ;  Tests  for  Astigma- 
I         tism.       VL   Retinoscopy.       VIL   Muscles.       VHI.  Cycloplegics ;    Cycloplegia ; 
I         Asthenopia ;    Examination  of   the  Eyes.     IX.   How  to  Refract.      X.  Applied 
I         Refraction.      XL    Presbyopia;    Aphakia;    Anisometropia;    Spectacles.       XI L 
I         lenses ;  Spectacle  and   Eye  Class  Frames ;  How  to  Take  Measurements  for 
I        Them  and  How  They  Should  be  Fitted.     Index. 
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Thorne.     The  Schott  Methods  of  the  Treatment  of  Chronic  Dis- 
eases of  the  Heart. 
With  an  Account  of  the  Nauheim  Baths  and  of  the  Therapeutic  Exercises.     By  W. 
Bezly  Thorne,   m.d.,   m.r.c.p.     With  Plates  and  Numerous  other  Illustrations. 
Fourth  Edition,  Revised  and  Enlarged.     Octavo.  Nearly  Ready. 

Thresh.     Water  and  Water  Supplies. 

By  John  C.  Thresh,  d.sc.  (Lond.),  m.d.,  d.p.h.  (Cambridge),  Medical  Officer  of 
Health  to  the  Essex  County  Council;  Lecturer  on  Public  Health,  King's  College, 
London  ;  Fellow  of  the  Institute  of  Chemistry  ;  Member  Society  Public  Analysts, 
etc.  Third  Edition,  Revised  and  very  much  Enlarged.  Illustrated.  527  pages. 
i2mo.  CloUi,  |3.oo 

Tissier.     Pneumatotherapy  and  Inhalation  Methods. 
See  Cohen,  Physiologic  Therapeutics,  page  10. 

Tomes'  Dental  Anatomy. 

A  Manual  of  Dental  Anatomy,  Human  and  Comparative.  By  C.  S.  Tomes,  d.d.s. 
263  Illustrations.     Fifth  Edition.  i2mo.  Cloth,  I4.00 

Dental  Surgery. 

A  System  of  Dental  Surgery.  By  John  Tomes,  f.r.s.  Fourth  Edition,.  Thor- 
oughly Revised  by  C.  S.  Tomes,  d.d.s.  With  289  Illustrations.  i2mo.  717 
pages.  Qoth,  $4.00 

Traube.     Physico-Chemical  Methods. 

By  Dr.  J.  Traube,  Privatdocent  in  the  Technical  High  School  of  Berlin.  Author- 
ized Translation  by  W.  D.  Hardin,  Harrison  Senior  Fellow  in  Chemistry,  University 
of  Pennsylvania.     With  97  Illustrations.     8vo.  Cloth,  $1.50 

Treves.     German-English  Medical  Dictionary. 
By   Frederick   Treves,    f.r.c.s.,   assisted  by  Dr.   Hugo  Lang,  b.a.  (Munich). 
i2mo.  Half  Calf,  $3.25 

Physical  Education  :  Its  Effects,  Value,  Methods,  etc.     8vo. 

Cloth.  .75 

Tuke.     Dictionary  of  Psychological  Medicine. 

Giving  the  Definition,  Etymology,  and  Synonyms  of  the  Terms  used  in  Medical  Psy- 
chology, with  the  Symptoms,  Pathology,  and  Treatment  of  the  Recognized  Forms  of 
Mental  Disorders,  together  with  the  Law  of  Lunacy  in  Great  Britain  and  Ireland. 
Edited  by  D.  Hack  Tuke,  m.d.,  ll.d..  Examiner  in  Mental  Physiology  in  the  Uni- 
versity of  London.  Two  volumes.  Octavo.  Cloth,  f  10.00 
"  A  comprehensive,  standard  book." — The  Brithk  Medical  Journal. 

*'  It  is  vastly  more  than  a  Dictionary.  It  is  an  elaborate  and  complete  Encyclopaedia  of 
Psychological  Medicine ;  in  fact,  a  small  library  in  itself  on  that  subject.  The  high  expectations 
which  Ur.  Tuke's  work  in  this  field  had  raised  are  more  than  fulfilled.  ...  It  will  be  found 
to  be  a  most  useful  reference  handbook  for  the  alienist  and  student.  The  general  physician  also 
cannot  f»iil  to  find  the  book  exceedingly  useful  in  special  cases." — Boston  Medical  and  Surgical 
Journal. 

"  We  believe  that  the  student  might  obtain  a  better  knowledge  of  insanity  from  this  work  than 
from  most  of  the  text  books,  besides  a  great  deal  of  interesting  and  valuable  information  nowhere 
else  accessible." — American  Journal  of  Insanity. 

Turnbuirs  Artificial  Anesthesia. 

A  Manual  of  Anesthetic  Agents  in  the  Treatment  of  Diseases,  also  their  Employment 
in  Dental  Surgery  ;  Modes  of  Administration  ;  Considering  their  Relative  Risks  ; 
Tests  of  Purity  ;  Treatment  of  Asphyxia  ;  Spasms  of  the  Glottis  ;  Syncope,  etc.  By 
Laurence  Turniull,  m.d.,  vw.g.,  Aural  Surgeon  to  Jefferson  College  Hospital,  etc. 
Fourth  Edition,  Revised.      54  Illustrations.      i2mo.  Cloth,  $2.50 
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Tyson.  The  Practice  of  Medicine.  Second  Edition.  Just  Ready. 
A  Text-Book  for  Physicians  and  Students,  with  Special  Reference  to  Diagnosis  and ' 
Treatment.  By  James  Tyson,  m.d..  Professor  of  Medicine  in  the  University  of 
Pennsylvania;  Physician  to  the  University  and  to  the  Philadelphia  Hospitals,  etc. 
With  Colored  Plates  and  many  other  Illustrations.  Second  Edition,  Revised  and 
Enlarged.     127  Illustrations.     8vo.     1222  pages. 

Cloth,  $5.50;  Leather,  I6.50;  Half  Russia,  I7.50 

*J^  This  edition  has  been  entirely  reset  from  new  type.  The  author  has  revised  it 
carefully  and  thoroughly,  and  added  much  new  material  and  37  new  illustrations. 

•♦  This  work  not  only  represents  the  work  of  a  practitioner  of  great  experience,  but  of  a  care- 
ful culling  of  the  facts  set  forth  in  contemporary  literature  by  one  who  well  understands  the  art  of 
separating  the  true  from  the  false." — The  Journal  0/  the  Ameritan  Midical  Assodation^  Chicago , 

<*  Represents  the  outcome  of  much  well-directed  labor,  and  constitutes  a  reliable  and  useful 
text-book."— 7'A^  London  Lancet, 

**  Few  teachers  in  the  country  can  claim  a  longer  apprenticeship  in  the  laboratory  and  at  the 
bedside,  none  a  more  intimate  acquaintance  wiih  students,  since  in  one  capacity  or  another  he  has 
been  associated  with  the  University  of  Pennsylvania  and  the  Philadelphia  Hospital  for  nearly  thirty 
years.  Moreover,  he  entered  medicine  through  the  portal  of  pathology,  a  decided  advantage  in 
the  writer  of  a  text-book.  .  .  .  The  typography  is  decidedly  above  works  of  this  class  issued 
from  our  publishing  houses.  There  is  no  American  Practice  of  the  same  attractive  appearance. 
The  print  is  unusually  sharp  and  clear,  and  the  quality  of  the  paper  particularly  good.  ...  It 
is  a  piece  of  good,  honest  work,  carefully  conceived  and  conscientiously  carried  oni.* ^—IMivern'/y 
Medical  Magazine, 

%*  Sample  Pages  and  Illustrations  sent  free  upon  application. 

Guide  to  the  Examination  of  Urine. 

For  the  Use  of  Physicians  and  Students.  With  Colored  Plate  and  Numerous 
Illustrations  Engraved  on  Wood.  Ninth  Edition,  Revised.  276  pages. 
i2mo.  Cloth,  $1.25 

*^A  French  translation  of  this  book  has  been  published  in  Paris, 

Handbook  of  Physical  Diagnosis. 
Fourth  Edition,  Revised  and  Enlarged.     With  two  Colored  Plates  and  55  other 
Illustrations.     298  pages.     i2mo.  Cloth,  1 1.50 

Cell  Doctrine. 
Its  History  and  Present  State.     Second  Edition.  Cloth,  $1.50 

United  States  Pharmacopoeia,  1 890. 

Seventh  Decennial  Revision.  Cloth,  $2.50  (Postpaid,  $2.77);  Sheep,  I3.00  (Post- 
paid, $3.27);  Interleaved,  I4.00  (Postpaid,  $4.50).  Printed  on  one  side  of  page 
only,  unbound,  $3.50  (Postpaid,  $3.90). 

Select  Tables  from  the  U.  S.  P. 

Being  Nine  of  the  Most  Important  and  Useful  Tables,  printed  on  Separate 
Sheets.     Carefully  put  up  in  Patent  Envelope.  .25 

Ulzer  and  Fraenkel.     Introduction  fo  Chemical-Technical  Analysis. 

By  Prof.  F.  Ulzer  and  Dr.  A.  Fraenkel,  Directors  of  the  Testing  Laboratory  of 
the  Royal  Technological  Museum,  Vienna.  Authorized  Translation  by  Hermann 
Fleck,  nat.sc.d..  Instructor  in  Chemistry  and  Chemical  Technical  Analysis  in  the 
John  Harrison  Laboratory  of  Chemistry,  University  of  Pennsylvania,  with  an 
Appendix  by  the  Translator  relating  to  Food  Stuffs,  Asphaltum,  and  Paint.  12  Illus- 
trations.    8vo.  Cloth,  $1.25 
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Van  Nuys  on  the  Urine, 


Chemical  Analysis  of  Healthy  and  Diseased  Urine.  Qualitative  and  Qtiantilaiiive.     By 

T.  C,  Vas  Nlys.     39  lUustrations.     Octavo,  Cloth    #i  f*i 

Van  Harlingen  on  Skin  Diseases. 

A  Practical  Manual  of  Diagnosis  and  Treatment,  with  SpeciAl  Reference  to  Diflereai 
Diagnosis.     By  Arthur  Van  Hari,ingen,  m.d.,   Emeritus  Professor  of  Dbease* 
the  Skin  in  the  Philadelphia  Polychnic  ;  Dermatologist  to  the  Children's  Hi 
Third  Edition,  Revised  and  Enlarged.    With  Formulz  and  [llustraUOO0»  fteverad 
in  Colors.     580  pages.  Coth,  5a.?s 

*'  As  would  naturmltj  be  expected  from  the  author,  Uts  views  tre  toaod,  ht»  taforaMfUdii 

extenstvt?,  and  in  matters  of  practical  detAil  the  hand  of  the  experienced  physician  is  evcf^wheiv 

visible. "  —  7V  Mtdical  Neim. 

Virchow's  Post-mortem  Examinations. 

A  Description  and  Explanation  of  the  Method  of  Performing  them  in  the 
House  of  the  Berlin  Charit^  Hospital,   with    Especial    Reference   to    Mcdico-I 
Practice.     By  Professor  Virchow.     Translated  by  Dh.  T.  P.  Sjiimi.     llltistrated.| 


Third  Edition. 


Ooth,  .75 


VoswinkeL     Surgical  Nursing. 

A  Manual  for  Nurses.      By  Bertha   M.  Voyw^NXEL,  Graduate  Episcopal   Ht 
Philadelphia ;     late    Nurse-in -Charge    Children's    Hospital,    Columbus.    O.      Seodf 
Edition,  Revised  and  Enlarged,      iii  Illustrations.      i2mo.  CIc<ib»  Slj 

Walker.     Students*  Aid  in  Ophthalmology. 
By  Gertrude  A.  Walker^  a.b.,  m.d.,  CUnical  Instructor  in  Diseases  of  the  Eyeili 


Woman's  Medical  College  of  Pennsylvania. 
i2mo. 


40   Illustrations  and 


Colored   PUie. 
Clothe  It. $01 


Walsham.     Surgery:    Its  Theory  and  Practice.     Seventh  Edition, 

For  Students  and  Physicians.  By  Wm.  J.  Walsham.  M.D.,  P.RX.S.,  Senior  Awi** 
ant  Surgeon  to,  and  Demonstrator  of  Practical  Surgery  in,  St.  Bartholomew's  Hospiul ; 
Surgeon  to  MetropoUtan  F*ree  Hospital,  London,  Seventh  Edition,  Revised  and  En- 
larged by  100  pages.     With  483  Illustrations  and  28  Skiagrams.  Cloth,  %\»\ 


Ward.     Notes  on  Massage. 

Including  Elementary  Anatomy  and  Physiology*.     E  _  ,  .  ,_ 

Massage  in  the  Pennsylvania,  Philadelphia,  Jefferson,  and  Woman's  Hospitals,  etc 
i2mo.     Interleaved. 


By  Jessie  M.  Ward,  Instructur 
an's  Hospitals,  el 
Paper  Cover,  fi.oo 


Warren.     Compend  of  Dental  Pathology  and  Dental  Medicine* 

ConUining  all  the  most  Noteworthy  Points  of  Interest  to  the  Dental  Student  and  a 
_  hi;  »icr  on  Emergencies.  By  George  W.  Warren,  d.d.s.,  Professor  of  Clinical 
Dentistry  and  Oral  Surger>' ;  Clinical  Chief,  Pennsylvania  College  of  Dr  '  ' '  cry. 
Philadelphia.     Third    Edition,    Enlarged.      Illustrated.      Bring  Xo.   tj  •• 

pend  *  Smi-s.     i2mo.  Cloth,  .80  ;  Interleaved  for  the  .Addition  of  Soicrs,  ^i.0O( 


Dental  Prosthesis  and  Metallurgy, 
129  Illustrations. 


doth,  |i.3S 


Weber    and     Hinsdale.      Climatology — Health     Resorts — Mineral 
Springs. 
See  COURN*  Plvysiologic  Therftpeutics,  page  10. 
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Wells.     Compend  of  Gynecology. 

By  VV'm.  H.  Well5.  m.D,,  Demonstrator  of  Clinical  Obsteliics,  Jefferson  McdicaJ 
College,  Philadelphia  ;  Chief  Gynecologist  Mt.  Sinai  Hospital ;  Fellow  of  the  College 
of  Physicians  of  Philadelphia.  Second  Edition,  Revised,  140  Illustrations.  Btinj^ 
Ab.  7  filtiiz-Compnuif  Seriis.      i2mo.         Cloth,  .80;  Interleaved  for  Notes,  ^i.oo 

Wethered.     Medical  Microscopy. 

A  Guide  to  the  Use  of  the  Microscope  in  Practical  Medicine.  By  Frank  J.  Weth- 
E^UED,  M,D.,  M.R.CP,.  Demonstrator  of  Practical  Medicine,  Middlesex  Hospital  Med- 
ical School ;  Assistant  Physician*  late  Pathologist.  City  of  London  Hospital  for 
Diseases  of  the  Chest,  etc.  With  a  Colored  Plate  and  101  Illustrations.  406  pages. 
Iimo.  Cloth,  $2.00 

Weyl.     Sanitan^  Relations  of  the  Coal-Tar  Colors, 
By  Theodore  Weyl.     Auihorixed  Translation  by  Henrv  Lefpmann.  m.d.,  ph.d 
i2mo.  Cloth.  $1.25 

Whitacre.     Laboraton^  Text-Book  of  Pathology. 

By  Horace  J.  Whitacre,  M.D.»  Demonstrator  of  Pathology,  Medical  College  of 
Ohio,  Cincinnati.  Illustrated  w-ith  121  Original  Drawings  and  Micropholographs. 
8vo.  Cloth,  $1.50 

White,     The  Mouth  and  Teeth.     Illustrated* 

By  J.  W.  White,  m.d.,  d.d.s.  Cloth,  .40 

White  and  Wilcox.  Materia  Medica,  Pharmacy,  Pharmacolog)^,  and 
Therapeutics.  Fifth  Edition. 
A  Handbook  for  Students.  By  W.  Hale  White,  m.d,,  f.r.C.p.,  etc.,  Physician  to, 
and  Lecturer  on  Materia  Medica  and  Therapeutics,  Guy's  Hospital ;  Examiner  in 
Materia  Medica  to  the  Conjoint  Board,  etc.  Fifth  American  Edition.  Revised  by 
Reynold  W,  W^ilco.x,  m.A.,  M.D.»  LL.d.,  Professor  of  Clinical  Medicine  and  Thera- 
peutics at  the  New  York  Post-Graduate  Medical  School  and  Hospital  ;  Visiting  Phy- 
sician, St.  Mark's  Hospital;  Assistant  Visiting  Physician,  Bellcvue  Hospital,  En- 
larged and  Improved.     i2mo.  Cloth,  $3.00;  Leather,  f3.5o 

Williams.     Manual  of  Bacteriology.     Second  Edition. 

By  Herbert  I*.  Williams,  m.d..  Professor  of  Pathology  and  Bacteriology,  Medical 
Department,  University  of  Buffalo.  Second  Edition.  Revised  and  Enlarged.  90 
Illustrations.      i2mo.     290  pages.  Cloth,  #1.50 

W^ilson,      Handbook  of  Hygiene  and  Sanitary  Science, 

By  George  Wilson,  m.a,.  m.d.,  f.r.s.e..  Medical  Officer  of  Health  for  Mid-War- 
wickshire, England.    With  llIusti'aLions.    Eighth  Edition.     i2mo.  Cloth,  ^13,00 

Wilson.     The  Summer  and  its  Diseases^ 

By  James  C.  Wilson,  m.d..  Professor  of  the  Practice  of  Medicine  and  Clinical 
Medicine,  Jefferson  Medical  College,  Philadelphia.  Cloth,  .40 

Wilson.     System  of  Human  Anatomy. 

Eleventh  Revised  Edition,  Edited  by  Hknrv  Edward  Clark,  m.d.,  m.r.c.s.  492 
Illustrations,  26  Colored  Plates,  and  a  Glossary  of  Terms.      i2mo.  Cloth,  $5.00 

Winckel.     Text- Book  of  Obstetrics. 

Including:  the  PatholoK:y  and  Therapeutics  of  the  Puerperal  .State,  By  Dr.  F. 
Winckel,  Professor  of  Gynecology,  Royal  University  Clinic  for  Women  in  Munich. 
Authorized  Transladon  by  J.  CLirroN  Edgar,  a.m.,  m.d..  Professor  of  Obstetrics 
and  Clinical  Midwifer>',  Cornell  University  Medical  Department*  New  York.  190 
■   Illustrations.     Octavo.  Cloth,  $5.00 ;  Leather,  $6.00 
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Winternitz.     Hydrotherapy — Thermotherapy — Balneology. 
See  Cohen,  Physiologic  Therapeutics,  page  lo. 

Wood.     Brain  Work  and  Overwork. 

By  H.  C.  Wood,  Clinical  Professor  of  Nervous  Diseases,  University  of  Pennsylvania. 
i2mo.  Qoth,  .40 

Woody.     Essentials  of  Medical  and  Clinical  Chemistry. 
With  Laboratory  Exercises.     By  Samuel  E.  Woody,  a.m.,  m.d.,  Professor  of  Chem- 
istry and  Diseases  of  Children  in  the  Medical  Department.  Kentucky  Univernt)*. 
Louisville.    Fourth  Edition,  Revised  and  Enlarged.    Illustrated.    i2mo.    Cloth,  $1.50 

*'  The  fact  that  Prof.  Woody's  little  book  has  reached  a  third  edition  in  tnch  a  short  tia»e  is 
sufficient  proof  of  its  usefulness  for,  and  demand  by,  the  medical  student.  The  telectko  vA  the 
material  and  its  plan  of  presentation,  resulting  from  the  author's  large  experience  as  a  practitioner 
and  teacher  of  medical  chemistry,  is  well  intended  to  offer  to  the  student  that  which  is  really 
tial  for  his  limited  college  course,  and,  it  is  to  be  hoped, 'a  basis  for  furthier  instruction  in  the  ii 
tant  branch  of  medical  science." — The  American  Journal  of  Medical  Sciences ^  Philadelphia. 

Wright.     Ophthalmology.     New  Edition.     117  Illustrations. 
A  Text-Book  by  John  W.  Wright,  a.m.,  m.d.,  Professor  of  Ophthalmology  and 
Clinical  Ophthalmology  in  Ohio  Medical  University  ;  Ophthalmologist  to  the  Protest- 
ant and  University  Hospitals,  etc.  Second  Edition, ^Revised,  Rewritten,  and  Enlarged. 
With  many  new  Illustrations.  Cloth,  I3.00 


THE  STANDARD  TEXT-BOOK 


Morris*  Anatomy 

Second  Edition,  Enlarged  and  Improved 

790  Illustrations,  of  which  2\\  are  Colored 

Octavo.    S274  Pages.    Goth,  $6i)0;  Leaiher»$7JX) 

"  Morris'  Anatomy"  was  published  at  a  time  when  methods  of  teachings 
the  art  of  engravings  and  distinct  advance  in  anatomical  illustration 
made  desirable  a  ne^v  and  modem  text-book.  The  rapid  sale  of  the  first 
edition,  its  immediate  adoption  as  a  Uxt-book  by  a  large  number  of  medi- 
cal schools,  and  its  purchase  by  physicians  and  surgeons  proved  its  value 
and  made  it  from  the  day  of  publication  a  standard  authority. 

in  making  this  new  edition  the  editors  and  publishers  have  used  every 
endeavor  to  enhance  its  value.  The  text  has  been  thoroughly  revised  and 
in  many  parts  rewritten;  the  editor  has  devoted  himself  to  the  task  of 
making  it  a  harmonious  whole;  many  new  illustrations  have  replaced 
those  used  in  the  first  edition,  and  a  lai^e  number  have  been  printed  in 
colors,  while  the  typographical  appearance  has  been  improved  m  several 
particulars. 

The  illustrations,  in  correctness  and  excellence  of  execution,  are  equaled 
bv  no  similar  treatise;  about  ^looo  having  been  expended  oo  new  and 
improved  blocks  for  this  edition  alone. 

•'  The  evergrowing  popularity  of  the  book  with  teachers  and  students  is  an  index  of  its  value. 
an<l  it  may  safely  be  recommended  to  all  interested." — Medical  Record^  New  York. 

'•Of  all  the  text-l)ooks  of  moderate  size  on  human  anatomy  in  the  English  language,  Moms 
is  undoubtedly  the  most  up-to-date  and  accurate." — Philadelphia  Medical  Journal. 
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ceml  Annlomy.  Can  be  used  with  cither  Morris's  or  Gray's  Anatomy,  117  lUustrntions  and 
16  LiUiographic  Plates  of  Nerves  and  A.-teries,  with  Explanatory  Tables,  etc.  by  Sami'el 
O.  L.  iVvrTER,  M  D,,  formerly  Professor  of  the  Practice  of  Medicine.  Cooper  Medical  College, 
San  Francisco;   Major  and  Brigade  Surgeon,  U.  S.  Vol. 

No.  2.  PRACTICE  OF  MEDICINE.  Part  I<  Sixth  Edition,  Revised.  Enlarged,  and 
Improved.  By  Dan'l  E.  HuGti&s,  M.D.,  Physician  in-Chief,  Philadelphia  Hospital;  late 
Demonstrator  of  Clinical  Medicine,  Jeffersc-n  Medical  College,  Philadelphia. 

No.  3.  PRACTICE  OF  MEDICINE.  Part  II.  Sixth  Edition,  Revised,  Enlarged,  and 
Improved.     Same  author  as  No.  2. 

No.  4.  PHYSIOLOGY.  Tenth  Edition,  with  new  Tlliistrations.  Enlarged  and  Revised. 
By  A.  P.  BruuakijR,  M.d.,  Professor  of  Physiology  in  the  Pennsylvania  College  of  Dental 
Surgery;  Adjunct  Professor  of  Physiology,  Jefferson  Medical  College,  Philadelphia. 

No.  5.  OBSTETRICS.  Seventh  Edition.  By  Henry  G.  Landis,  mvd.  Revised  and 
Edited  by  \\m.  it.  Wells,  m,i>.,  Dcmotistrtitor  of  Clinical  Obstetrics,  Jefferson  Medical 
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No.  7.  GYNECOLOGY.  Second  Edition.  By  Wm,  H.  Welis,  m.d  ,  Demonstrator  of 
Clinical  ObntetricSj  Jefferson  Medical  College,  Philadelphia.      140  Illuslralions. 

No,  8.  DISEASES  OF  THE  EYE  AND  REFRACTION.  Second  Edition.  Includ- 
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No.  13.  DENTAL  PATHOLOGY  AND  DENTAL  MEDICINE.  Third  F^itioo, 
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The  great  success  of  Dr.  Gould's  •'  Illustrated  Dictioitary  of  Mcdionc**  *wi__ 
the  preparation  of  this  compamon  volume,  which  should  be  to  the  physician  ihc 
trustworthy  handbook  in  the  broad  field  of  general  information  that  the  Dictionary  a 
in  the  more  special  one  of  the  explanation  of  worda  and  the  statement  of  Ctct^ 
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TIic    sevcnty-tw6   special   contributors — the    names   of  whom    arc  the 

following   page — have   been    selected    from   all    parts   of  the   countrv  .ncc 
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Deaver's  Surgical  Anatomy 

A  Tfcatise  on  Human  Anatomy 
in  its  Application  to  tiie  Practice 
of  Medicine  and  StstgoY    •^    J^ 

By  JOHN  B.  DEAVER,  M.D. 

Surfton-tn-Chi*/to  tk*  Gtrmam  Hospital,  PkilaJet^kia  :  Surgwon  t«  tht  ChUdr«n'»  H^tfUml: 

Coruulting  Surgeon   to  Si.  Agnot',  St.  TUmotky^M,   and  Germant^wm 

Hot/itals:  formerfy  Assutani  Prqfettor  of  ApplUd 

Anaiontf,  Ui^trsiiy  qfPoniuylvanuiftic. 

In  Three  Royal  Octavo  Volumo*  coataiiili)(r  aboat  Fottf  Handnd  and  Fifty  FtsD-ptce  '^^M 
nearly  all  from  dinections  made  for  the  purpoK 


Handsome  Cloth,  fai.oo :    Pull  Sheep,  $34.00 ;    Half  Green  Moroeem 
Marbled  Edses.  $34.00 ;  Half  Rueela,  OIK,  Marbled  Edges.  $97.00  wMU 


SYNOPSIS  OF  CONTEISTS 

VOLUME  L—Upper  Extremity— Back  of  Neck,  ShoaUer,  and  Trunk— Graniuii»-Sci|r 

Face» 
VOLUME  n.— Neck— Moath,  Pharynx,  Larynx,  Nose— Orbit— Eyeball— Organ  of  Heaifflr 

Brain — Female  Perineum — ^Male  Perineum. 
VOLUME  m.— Abdominal  Vall— Abdominal  Cavity— Pelvic  Cavity— Chest— Lower  Er 

tremity. 

The  book  is  designed  to  aid  the  general  practitioner  and  surgeon  in  his 
ever}'day  work.  The  text  is  excellently  clear,  succinct,  and  systematically  arranged, 
and  contains  a  wealth  of  illustrations  far  in  advance  of  the  usual  text-book.  It  is  noi 
intended  merely  for  the  surgeon — though  to  him  it  will  prove  invaluable — ^but  for  th( 
general  physician,  who,  while  called  upon  to  cope  with  innumerable  emergencies  an(i 
special  cases,  has  not  the  means  or  the  hospital  facilities  by  which  he  can  readih 
acquaint  himself  with  every  phase  of  anatomy — superficial  and  deep — as  applied  tt 
disease  and  the  most  modern  methods  of  treatment  of  injuries. 

To  the  specialist  it  will  prove  of  great  value.  The  anatomy  of  the  head  anc 
neck,  the  spinal  cord,  the  organs  of  sense,  and  the  throat  appeals  directly  to  tin 
ophthalmologist,  aurist,  rhinologist,  laryngologist,  and  neurologist,  while  those  sectiott 
devoted  to  the  abdomen  and  pelvic  cavity  will  give  the  gynecologist  and  specialis 
on  diseases  of  the  urinary  organs,  rectum,  etc.,  material  regarding  the  relations  of  tb 
parts  and  the  operations  thereon,  unique  in  many  ways,  and  in  a  manner  never  befor 
so  exactly  and  concisely  stated.  To  those  devoted  to  these  specialties  it  will  prove ; 
supplement  to  other  text-books  that  omit  special  anatomy,  and  which  do  not  attemp 
to  show  the  applied  anatomy. 
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THc  illustrations,  \vhkh  at  the  first  glance  appear  as  the  prominent  feature  of 
ic  book-  —but  which  in  reality  do  not  overshadow  the  text— consist  of  a  series  of 
Jictures  absolutely  unique  and  fresh.  They  will  bear  comparison  from  an  artistic  point 
of  view  \*ith  any  other  work,  while  from  a  practical  point  of  view  there  is  no  other 
volume  or  series  of  volumes  to  \\hich  they  can  be  compared.  When  originally  an- 
nounced, the  book  was  to  contain  two  hundred  illustrations.  As  tlie  work  of  prepara- 
tion progressed,  this  number  gradually  increased  until  it  is  estimated  that  there  will  now 
be  more  than  four  hundred  full-page  plates,  many  of  which  contain  more  tlian  one 
figure.  With  the  exception  of  a  few  minor  pictures  made  from  preparations  in  the 
possession  of  the  author,  they  have  all  been  drawn  by  special  artists  from  dissections 
made  for  the  purpose  in  the  dissecting-rooms  of  the  University  of  Pennsylvania.  Their 
accuracy  cannot  be  questioned,  as  each  drawing  has  been  submitted  to  the  most  careM 
scrutiny. 

From  The  Medical  Record^  New  York. 

**  The  reader  is  cot  only  taken  by  easy  and  natural  stagfes  from  the  more  5uper{kf<il  to  the 
deeper  regions,  but  the  various  important  regional  landmarks  are  also  indicated  by  schonatic 
tradng  upon  the  limba.  Thus  the  courses  of  ftrteries,  vein.-*,  and  nerves  are  indicated  in  a  way  that 
makes  the  lesson  strikingly  impressive  and  easily  learned.  No  expense,  evitlenily,  has  been 
spared  in  ihc  preparation  of  the  work,  judging  from  the  number  of  full  page  plates  it  contains,  not 
counting  the  smaller  drawings.  Most  of  these  have  been  *  drawn  bv  ,,pecial  artists  from  dissections 
made  for  the  purpose  in  the  dissecting-rooniii  of  ihc  University  of  Pennsylvnnia.'  In  sunitning  up 
the  general  excellences  of  this  remarkable  work »  we  can  accord  our  unqualified  praise  fur  the 
accurate,  exhaustive,  and  systematic;  mflniier  in  which  the  author  has  carried  out  his  plan,  and  wc 
an  commend  it  as  a  model  of  its  kjnd,  which  must  be  possessed  to  be  appreciated.'^ 

From  The  Philadelphia  Medical  Journal. 

•*  Mnny  members  of  die  profession  to  whom  Dr.  Deaver  is  well  known  either  personally  or  by 
reputation  as  a  surgeon,  writer,  teacher,  and  practical  anatomist,  have  avtraiied  the  appearance  of 
his  Surgical  Anatomy  with  the  expectation  of  finding  in  it  a  guide  in  this  diHicult  branch  of  medi- 
cine of  much  more  than  ordinary  practical  value,  and  their  expectatioctf  will  not  be  disappointed*^ 

From  The  Journal  of  the  American  Medical  Association. 

'•  In  order  to  show  its  thoroughness,  it  is  only  necessary  to  mention  that  no  less  than  iweWe 
full- page  plates  are  reproduced  in  order  to  accurately  portray  the  surgical  anatomy  of  the  hand, 
and  tt  b  doubtful  whether  any  better  description  exists  In  any  work  In  the  English  language/' 

From  The  Southern  California  Practitioner. 

*•  Aside  from  the  merit  of  this  great  work,  it  will  be  a  delight  to  the  lover  of  books.  Its  gen 
eral  make-up  shows  the  hij^hesi  development  of  the  book  making  art.  The  bibliophile,  when 
holding  one  of  these  volumes  in  his  hands,  would  be  as  careful  with  it  &&  though  he  were  handling 
an  infanlj  and  to  drop  it  would  cause  him  the  keenest  pain.  The  illustrations,  the  print,  and  the 
paper  and  binding  are  each  and  all  delightful  in  tlieruselves,  and  yet  the  text  is  concise  and  clear^ 
and  taken  with  the  illustrations  make  a  remarkably  goc»d  suljjriituic  for  llie  dissecting- room.  To 
have  these  three  volumea  on  his  library  shelves  will  be  a  source  of  pride  and  joy  and  profit  to 
ev^ery  practitioner*  I>r.  Deaver  hns  in  these  volumes  conferred  a  boon  upon  the  medical  profession 
which  ba&«  at  least,  never  been  surpassed  by  any  one/* 

From  The  New  Orleans  Medical  and  Surgical  Jotimal. 

'*  While  the  needs  of  the  undergraduaie  have  been  fully  kept  to  view,  it  has  been  the  aim  of 
the  author  to  provide  a  work  which  would  l)c  sutficient  for  reference  for  use  in  actual  practice.  We 
believe  the  book  fulfils  both  requirements.  The  arrangement  is  ayatematic  and  the  discussion  of 
furgicaf  relatfoni  thorough  .** 

Ui^  Lar^e  Dcicriptive  Circular  will  be  sent  ttpon  appltcaiion 
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COHEN 

Physiologic   Therapeutic: 


ANNOUNCEMENT 

The  term  "  Physiologic  Therapeutics  '*  comprisefl  that  great  variety  of  remedial 
other  than  the  use  of  drugs^  by  which  the  natural  or  physiologic  powers  of  the  humaii 
may  be  stimulated,  controlled,  or  supplemented  in  the  fight  against  disease. 
represent  the  internal  and  environmental  forces,  through  whose  action  and  reactu 
the  evolution  of  the  human  body  and  mind  has  progressed,  the  powers  of  re^isun 
have  developed,  and  the  tendency  to  recovery  has  become  or^nized.  They  arc 
fore  among  the  most  potent  aids  of  the  phyiiclaQ*  The  title  '*  Physiologic  Tberapcutiti 
has  been  adopted  for  the  present  scries  of  volumes  to  emphasize  tlie  fact  that 
measures  described  are  in  largest  degree  elaborations  and  adaptations  of  proci 
normal  to  the  human  body — physiologic,  therefore — but  requiring  to  be  exaggerate 
systematized,  specialized,  and  often  localised  for  therapeutic  purposes. 

These  tlierapeutic  methods^  which  include  not  only  the  use  of  rest,  exercise 
special  manipulations  of  the  body,  light,  heat  and  electricity,  air,  water  and  f« 
climate  and  mineral  springs,  bacterial  products,  and  the  sera  secretions  and  or^aiu 
normal  and  artificially  immunized  animals,  but  also  the  legitimate  powers  of  the 
over  mind  and  body,  have  never  been  entirely  neglected.  Until  recently,  howcv 
they  have  not  been  systematically  presented  in  lectures,  and  even  now  ihey  ace 
much  neglected  by  practitioners.  It  is  not  only  in  typhoid  fever  that  water  has  therapf 
tic  application  ;  it  is  not  only  in  hysteria  that  rest  and  massage  and  psychic  intlue 
are  curative  ;  it  is  not  only  in  pulmonary  tuberculosis  that  the  use  of  air  at  modiS 
pressures  or  special  climatic  factors  are  to  be  availed  of.  These  agendes  and  the  oil 
resources  of  physiologic  therapeutics  have  varied  and  extensive  usefulness,  and  w 
indicated  cannot  be  substituted  by  the  most  skillful  drugging.  Their  knowledge  ii 
pcratively  demanded  of  the  progressive  physician. 

While  there  have  been  monographs  upon  many  of  these  subjects,  this  js  the 
systematic  collection  of  volumes  includio^  all  these  topics  into  an  organised  whole,  d< 
inated  by  one  mind,  and  so  planned  and  arranged  that  the  entire  field  should 
covered  by  experts  under  the  guidance  and  assistance  of  one  who  has  devoted  his  i 
fessional  work  in  large  part  to  the  study,  use,  and  advocacy  of  the  measures  coiB]l 
hended  ;  each  volume,  moreover,  being  especially  written  with  reference  to 
volumes  of  the  System,  and  to  the  requirements  of  the  System  as  a  whole.  In 
volume  and  each  article  sufficient  attention  has  been  paid  to  the  theory  of  the  subfC 
to  make  clear  the  principles  upon  which  arc  based  the  specific  recMmmendations 
the  applications  of  special  measures  to  individual  cases  of  disease  ;  but  the  Jargot  ^ 
baa  been  devoted  to  practical  detailed  directioa%  explanations  of  technic,  maolpuktio 
indications  and  counterindicaiions. 

Se^  Pai^fs  g  and  lo  of  this  Catahgue, 

*«*  An  elaborate  descriptive  circular  with  sample  pages  and  detailed  infomution 
ing  plan  of  publication,  prices,  etc^  will  be  sent  upon  application* 
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JUST  READY 

DISEASES  OF  THE  INTESTINES 

THEIR   SPECIAL   PATHOLOGY, 
DIAGNOSIS,  AND  TREATMENT 

WITH 

Sections  on  Anatomy  and  Physiology ;  Microscopic  and  Chemic 
Examination  of  the  Intestinal  G^ntents^  Secretions,  Feces  and 
Urine,  Intestinal  Bacteria  and  Parasites;  Surgery  of  the  Intes- 
tines; Dietetics;  Diseases  of  the  Rectum,  etc. 

By  JOHN  C.  HEMMETER,  M,D.,  PHILOS,D. 

Author  ol  *'  A  Tfeattw  on  Diicases  oi  th«  StoeoAcb  "i   ProlcMor  m  the  MedicAl  Department  of  the 

Utuvcmty  of  MTfl&nd  t  Conauttant  to  the  Univervty  Hospital  and 

Dlnctor  ^  the  Clinical  Laboratorr 

IN  TWO  OCTAVO  VOLUMES 
With  Many  Origfinal  Illustrations,  Several  in  G>Iors 

The  Section  on  Anatomy  has  been  prepared  by  Dr,  J.  HoLMiis  Smith,  Associate  Pro- 
fessor and  Demonstratnr  of  Anatoh./  and  Lecturer  on  CUnical  Surgery,  University 
of  Maryland,  Baltimore. 

The  Section  on  Bacteria  of  the  Intestines  has  been  prepared  by  Dr.  \Vm.  Royal  Stokes, 
Associate  Professor  of  Pathology  and  Bacteriology-,  and  Visiting  Pathologist  to  the 
University  Hospital,  University  of  Maryland,  Baltimore. 

The  S«:tion  on  Diseases  of  the  Rectum  has  been  prepared  by  Dr.  ThomaS  C.  Martin, 
Professor  of  Proctology.  Cleve'and  College  of  Phy^cians  and  Surgeon^i. 

The  Section  on  Examinatloo  of  Urine  and  Feces  has  been  prepared  by  Dk.  Harry 
Adler,  Demonstrator  of  Clinical  Pathology,  University  of  Maryland,  Baltimore. 


VoU  L— 742  Pages;   2  Plates  in  Colors;  35  Full-Page  Plates 
and    othcf    Illustrations.      Qoth,    $5>00;    Sheep,    $6.00    net 

Vol.  II.'=679  Pages;  t3  Full-Page  Plates  and  Many   Other 
If  lustrations.    Qoth,  $5*00 ;  Sheep,  $6*00  net. 


This  work,  together  with  the  author's  book  on  '*  Diseases  of  the  Stomach/ '  forms  a  complete 
treatise  on  Diseases  of  the  Intestines.  The  subject  ts  covered  thoroughly  and  systematically  by  an 
[♦uthor  of  well-known  reputation  and  ability.  The  results  of  recent  investigation,  by  which  so 
much  progress  has  been  made  in  the  Pathology,  Diagnosis^  and  Medical  and  Stirgical  Treatment  of 
disorders  of  the  intestinal  tract,  make  its  issue  at  this  time  of  special  importance. 

Tlie  illustrations  form  a  most  useful  and  practical  series  of  pictares  ;  nearly  all  have  been  repro- 
duced from  pathological  preparations  and  original  drawings  made  especially  for  this  work. 

%*CirctjIar  with  List  of  Gemtents  will  be  sent  upon  application 
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